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PROCEEDINGS

The object of this Association is the advancement of knowledge pertaining to the scientific
and economic location, construction and maintenance of Railways. Its action is not
binding upon its members.

TUESDAY, MARCH 12, 1935

MORNING SESSION

The Thirty-sixth Annual Convention of the American Railway Engineering Asso-

ciation was called to order in the Grand Ball Room of the Palmer House, Chicago,

Illinois, by the President, Mr. John E. Armstrong, Assistant Chief Engineer, Canadian

Pacific Railway.

The President:—The meeting will please come to order. The Thirty-si.xth Annual

Meeting of the American Railway Engineering Association is now declared open for

the transaction of business.

This meeting is also the Annual Session of the Construction and Maintenance Sec-

tion of Division IV—Engineering, of the Association of American Railroads, the meet-

ings being concurrent.

Will the Board of Direction please come to the platform ?

The first order of business is the reading of the Minutes of the last annual meeting.

Inasmuch as these Minutes have been printed and a copy furnished to each member, the

reading of the Minutes will be dispensed with, unless there is objection. As there is no

objection, the Minutes stand approved as printed.

The next order of business is the President's Addre^^s.

ADDRESS OF PRESIDENT JOHN E. ARMSTRONG

Fellow-Members :

Five years ago the American Railway Engineering Association held its then cus-

tomary three-day annual meeting. It was realized at that time that an economic de-

pression existed, but the general thought was that, although severe, it probably would

be of short duration. Subsequent events proved that five years ago this continent was

but entering upon a depression which in severity and duration was to exceed any in the

previous history of this Association. We bowed to the necessities of the situation as they

developed, and for four years past have curtailed our annual meeting to a period of but

two days.

This continent is still in a depression. Unbiased observations indicate, however, that

the lowest point of the depression was passed about two years ago. If we are not yet

on our way to the heights, we are at least on our way out of the depths. It seems ap-

propriate, therefore, that with renewed confidence this Association should still further

increase its efforts toward recovery by pressing forward in the future even more rapidly

than in the past with the development of practices looking toward the economic con-

struction, operation and maintenance of railways. With this end in view our annual

meeting this year returns to the three-day period.

With this annual meeting the thirty-sixth year of the American Railway Engineering

Association draws to a close. A year has but a single endowment of motion—it can

move only forward. This As.sociation is doubly endowed—it can move either forward or

backward according to the soundness of its planning, and the excellence of the execution

of that planning.

13



14 Business Session

During the past year your officers and Directors have given their best efforts to

the development of sound plans, and your Special Committees, Standing Committees,

Board Committees and officers have given unstintingly of their time and energy to the

execution of those plans. The reports of the Secretary and Treasurer which will follow,

and the committee reports which you already have, and which you will be asked to

consider and act upon, record the results secured. They indicate that the American

Railway Engineering Association has had a successful year.

During the past twelve months, from the viewpoint of this Association, three sig-

nificant things have happened: the Association of American Railroads has been formed;

there has been a further awakening to the fact that there is a transportation problem

of which the railway problem is but a part; and both the average and the maximum

speed of railway transportation has been increased.

The Association of American Railroads is a federation of the railways. To it has

been delegated more authority than ever before has been delegated so unanimously by

the individual railways. It is expected that in due course it will speak authoritatively

for the railway industry of the United States, if not for the railway industry of the

continent. Much is expected of it. If it is to fulfill these expectations it must have

the wholehearted cooperation and support of every branch of the railway industry. The

American Railway Engineering Association, as one of the branches of the railway indus-

try, must make such changes in the details of its organization and in its method of

working as may be found necessary to enable it to give the greatest possible support to

the Association of American Railroads.

Continuing consideration of the transportation problem will undoubtedly require

that the railways develop a great deal of information which is not now available. From

the engineering point of view this information will have to do, among other things, with

the actual total costs involved in providing, conducting and maintaining the various

forms of transportation, and with their relative economy for the type of service re-

quired in any given case. A start has been made in the development of some parts of

this information, but no organization or collaborating group of organizations seems to

be prepared at this time to state all the facts. The American Railway Engineering As-

sociation is in a position to develop these facts insofar as they pertain to railway trans-

portation, and must be prepared to critically consider the corresponding presentations

of other forms of transportation or, if necessary, to prepare such presentations if they

are not otherwise made available.

Transportation speeds have increased persistently, and railway transportation has

not lagged in this respect. Increasing railway speeds are opening new vistas for engi-

neering research. The increasing average and maximum speeds of standard passenger

and freight trains, the high average and maximum speeds of streamlined Hght-weight pas-

senger trains, and the high average and maximum speeds in immediate prospect for

streamlined standard passenger trains are creating immediate problems and giving hints

of others to come. Appropriate studies by this Association of the various present and

prospective engineering and maintenance problems resulting from higher speeds are essen-

tial, and must be borne in mind in the assignments to its committees.

For some years past the railways have not prospered. This has been due in part to

the depression, in part to restrictive and unbalanced legislation, and in part to changes

in other areas of the transportation field with which the railways, for various reasons,

have not been able to keep pace. The depression is passing. The man in the street

and his representatives in Government are awakening to the fact of the legislative situa-

tion and there are prospects of corrective action. The railways are organizing and taking

appropriate action with a view to getting in every way into step with modern transpor-
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tation requirements as promptly as restricting conditions permit. This all portends a

brighter railway future.

The railways recognize that what was good enough in the days of a virtual railway

monopoly of transportation is not good enough in these days of competition in trans-

portation. They ask of Government a fair field and no favor in the transportation in-

dustry as a whole. They demand of themselves the production of railway passenger

and ton-miles at a lower overall cost per unit, and at the same time of a type more

attractive to their patrons.

Prior to the beginning of this century highway transportation moved normally in a

cloud of dust or through a sea of mud. A highway journey of fifty miles in one day

was an event to be well planned in advance, and made under selected conditions of

weather and roadway. To-day a comfortable highway jaunt of four hundred miles be-

tween breakfast and dinner is not unusual. Highway and automotive Engineers have

made this change possible.

The railway industry is entering upon a period of evolution which in magnitude

and in speed of accompHshment should surpass that of the past thirty-five years in

highway transportation. The problems it has to solve are mainly engineering ones. The

railway Engineer has before him as wide a field for research and improvement as the

highway and automotive Engineers had at the beginning of the century. If he is to

make the most of his opportunities he must press on with his studies for improving and

at the same time reducing the cost of railway transportation. He must solve immedi-

ate problems, must anticipate and solve impending problems and at all times must be

forearmed with facts and be prepared to act promptly as occasion demands.

The principal reason for the existence of this Association is the assistance which,

by the concerted action of its membership, it can give to the individual railway Engineer

and to the railways. Insofar as it has fulfilled this purpose it has prospered. As long

as it is the most efficient agency for securing required engineering information and re-

sults it will continue to prosper, for it will be supported, not only by its own member-

ship, but by the railways which reap the benefits of the work it does.

Irresponsible or poorly informed sources can quickly and easily assemble and dis-

seminate inaccurate information. Inaccurate information, like bad news, travels fast,

and, like rumor, is hard to overtake. The annual assignments to the committees of this

Association must be carefully prepared and must be reported upon promptly, and means

must be found for handUng special assignments even more promptly, all to the end that

timely and accurate information may be disseminated in each case at the earliest pos-

sible date. Thus may the dissemination of inaccurate railway engineering information

be forestalled, or if not forestalled, combatted promptly with accurate information.

The American Railway Engineering Association has an enviable reputation for the

production of reliable information. It has a personnel and an organization which can

handle any matter properly assignable to it. Sometimes in the past it has acted per-

haps a little slowly, and sometimes the information it has produced may have been in-

adequately disseminated or inadequately placed for future as well as for immediate ref-

erence. These defects, insofar as they have existed, can be overcome. Proper results,

promptly secured, adequately disseminated and made readily available for both immedi-

ate and future reference can only enhance the present prestige of this Association.

Conditions affecting the railway industry have changed. The organization and

methods of the railway industry are changing. The next few years promise greater

changes in the railway industry than have occurred in any similar past period of time.

The American Railway Engineering Association must keep abreast of the industry it

serves, and should lead and direct the engineering thought and action of that industry.
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To accomplish this it must be sure that its own organization and methods are the best

possible for handling accurately and promptly the problems with which it is and will be

confronted

To this end I recommend for appropriate consideration:

(1) That the organization and method of procedure of the American Railway

Engineering Association be surveyed with a view to making such changes in them as may

be found desirable to enable the Association to be of the greatest possible assistance to

the railway Engineer and to the railway industry

;

(2) That in the light of the present and prospective demands upon this Associa-

tion the entire field of railway engineering and maintenance be sub-divided anew into

definitely defined parts, and that each part so determined be placed for study in the

responsible charge of an appropriate committee;

(3) That the present Committees be retained, rearranged, merged with other com-

mittees or disbanded according to the requirements of this new partitioning of the field

of railway engineering and maintenance

;

(4) That the resulting committees be so organized that they will be prepared to

handle both regular and special assignments with the greatest possible accuracy and

despatch; and—

•

(S)' That the Manual be so revised and rearranged that all present and future in-

formation properly appearing in it can be quickly and easily found under appropriate

subject headings.

In conclusion I wish to state that the successful results of the year now drawing

to a close are attributable to the wise counsel which your Secretary, your other of-

ficers and your Directors at all times so promptly and freely gave your President, to the

competence and unflagging energy of your Special, Standing and Board Committees, and

to the staunch support which you individually have given to the Association. I wish to'

record my appreciation of all that this has meant to me and to the American Railway

Engineering Association (Applause).

The President:—The next order of business is the reports of the Secretary and the

Treasurer. Will the Secretary please present these reports?

Secretary E. H. Fritch submitlefi the following reports:



REPORT OF THE SECRETARY

March 1, 1935.

To the Members

:

The customary annual report on the general affairs and activities of the Association

is presented in following pages.

Finances.—The financial statement, appended to this report, discloses that receipts

exceeded disbursements by $3,795.32. This gratifying result was accomplished notwith-

standing some unusually heavy expenditures for printing and trackwork plans.

Publications.—The usual number of Bulletins were issued during the year, contain-

ing committee reports, monographs and other material relating to the Association's

activities.

Volume 35 of the Proceedings contains 1214 pages, one of the largest issued It

forms an invaluable contribution to railway engineering data.

A Committee of the Board has given intensive study during the year to a number

of valuable suggestions relating to the Manual. These suggestions have been called to

the attention of committee chairmen and their views requested. The replies have been

tabulated and submitted to the Committee on Manual for further consideration. Among
the important suggestions made is that the Manual, when re-issued, be published in

loose-leaf form.

Outline of Work and Personnel of Committees for 1935.—For a number of

years past it has been the practice to issue the program of work and personnel of com-

mittees in preliminary form on or about January 1st, and the final draft following the

annual meeting. This practice resulted in some dupUcation and confusion, therefore the

preliminary form has been dispensed with this year, and only one final draft will be

issued subsequent to the annual meeting.

Committee-Work.—As will be noted by reference to the reports formulated by

the respective committees during the year, the quantity and quality compares favorably

with the output of previous years. The reports are ample evidence of the time and

thought committees have unselfishly given during the year to the interests and welfare

of the Association. Satisfaction of work well-performed is their reward.

Membership.—The table below is a record of the additions, deaths, resignations

and dropped in the membership rolls during the year:

Members on rolls as of March 1, 19.34 2,028
Additions during- the year 76

2,104
Losses by death 25
Resigned 37
Dropped 1 139 201

Net Loss 125 1,903

Meml)ership a.s of March 1, 1935 1,903

17
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While it is regretted that our membership rolls show a decrease from the number
reported a year ago, it is gratifying to report that as re-employment increases, a sub-

stantial number of members who dropped out in recent years are applying for reinstate-

ment. As business conditions improve, it will be correspondingly reflected in our mem-
bership rolls.

Letter-Ballot on Amendment to the Constitution Regarding Membership.
—The result of the letter-ballot on the creation of a "Life Member" class is as follows:

For the amendment 7lS votes

Against 24 "

Defective ballots 21 "

The amendment provides that "A member who has paid dues for 35 years, or who
has reached the age of 70 years and has paid dues for not less than 25 years, shall be

exempt from the further payment of dues."

The proposed amendment having received a majority of the votes cast, it will become

effective January 1, 1936.

Monographs.—A series of interesting and valuable contributions in the form of

monographs were issued in the Bulletin during the year, as follows:

"A Discussion of the New Impact Formula of Committee on Iron and Steel Struc-

tures," by B. R. Leffler.

"Research as Applied to Railroading," by Dr. A. A. Potter.

"Discussion on Stresses in Railroad Track," by Dr. A. N. Talbot.

"Discussion on Design of Tie Plates," by Dr. A. N. Talbot.

"The Calculation of Track Stress of Japanese Government Railways," by Taku

Inouye.

"On the Service Life of Beech Ties Impregnated with Creosote," review by Dr.

Hermann von Schrenk.

"Bearing Values of Small Rollers," by W. M. Wilson.

"Change in Grade of Structural Steel," by A. W. Carpenter.

"Comments on Column Formula," by F. E. Turneaure.

"Elastic Stability of Plates Subjected to Compression and Sheer," by Otis E. Hovey.

"Shears on Column Lacing," by Shortridge Harde.sty.

"Live Loads for Multiple Track Bridges," by H. C. Tammen.

"Live Loads and Unit Stresses for Bridge Design," by Shortridge Harderty.

"Impact in Steel Railway Bridges," by J. B. Hunley.

"Net Section of Riveted Tension Members," by C. H. Chapin.

Cooperative Activities.—The practice of collaborating with other technical or-

ganizations on matters of mutual concern, has been continued during the year. The

Association has maintained contact with twenty-five of the leading scientific and technical

societies on a great variety of important subjects.

Effect of a Proposed Increase of Vehicular Weights on Highway Bridges.

—Under date of August 16th, 1934, M. J. Gormley, then President of the American

Railway Association, requested that information be developed for the use of railway

executives with respect to relative strength of highway bridges, and particularly as to

the fact that even on the limited state highway systems such bridges have not been built

to standards for bearing the weights proposed as maximum by the American Association

of State Highway Officials.
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The subject was referred to the Committee on Iron and Steel Structures and assigned

to a special committee. An emergency special report was prepared and transmitted to

Mr. Gormley on September 17th.

Letter-Ballot on Tie Plates.—Under date of October iSth, the Track Committee

submitted four plans for tie plates—two for use with 112-lb. rail and two for use with

131-lb. rail—for adoption by the Association. The plans were rejected by the following

vote:

For the four plans 229 votes

Against 309 "

Split votes 65 "

Defective ballots (not counted) 12 "

The Track Committee considered the rejection of the plans as a reassignment of the

subject and is giving the problem further intensive study.

Grade Crossing Engineers Committee Appointed.—An Executive Committee

of Engineers selected from the various railroads and territorially representative was ap-

pointed by the President of the Association of American Railroads to serve as a point of

contact between the railroads and the Grade Crossing Elimination Policy Committee in

respect to all matters pertaining to the proposed setting aside of Federal funds for the

elimination of highway-railroad grade crossings. The members of the Executive Com-

mittee of Engineers are:

Robert H. Ford, Assistant Chief Engineer (General Chairman), Rock Island Lines.

W. J. Backes, Chief Engineer, Boston & Maine Railroad.

R. E. Dougherty, Vice-President, New York Central Lines.

W. D. Faucette, Chief Engineer, Seaboard Air Line Railway.

G. W. Harris, Chief Engineer, Atchison, Topeka & Santa Fe Railway.

J. L. Haugh, Vice-President, Union Pacific System.

C. F. Loweth, Chief Engineer, Chicago, Milwaukee, St. Paul & Pacific Railroad.

T. J. Skillman, Chief Engineer, Pennsylvania Railroad.

J. E. Willoughby, Chief Engineer, Atlantic Coast Line Railroad.

S. L. Wonson, Assistant Chief Engineer, Missouri Pacific Railroad.

Track and Bridge Inspection Bureau.—A bill was introduced in the House of

Representatives in Washington on January 10, 1935, providing for the creation of a track

and bridge inspection bureau under the jurisdiction of the Interstate Commerce Com-
mission. An identical measure has been introduced in the Senate. The bills provide for

a force consisting of one chief inspector, four assistant chief inspectors, twenty track and

ten bridge inspectors. A Committee of Engineers is now studying these two bills to deter-

mine how this legislation, if enacted, will affect the railways.

Federal Board of Surveys and Maps.—S. S. Roberts, former Director, Assistant

Director, Bureau of Finance, Interstate Commerce Commission, has been appointed to

represent the Association on the Advisory Council of the Board of Surveys and Maps
of the Federal Government. The Board of Surveys and Maps represents all map making

agencies of the Federal Government and was estabhshed to plan coordination as far as

possible of all the maps and information pertaining thereto published by the Federal

Government for departmental and public uses and to meet the requirements of the Engi-

neers in particular. The Advisory Council is the agency established to represent the

users in advising the Board as to such changes or additional information that would tend

to increase the value of maps to the Engineer.
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The Association of American Railroads.—A development of the past year,

and one which will undoubtedly have an important bearing on the future activities of

the AREA, was the formation of "The Association of American Railroads", which be-

came effective October 10, 1934. The new organization is a consohdation of the former

Association of Railway Executives and the American Railway Association. Your Asso-

ciation's interest in the new body is due to the fact that the AREA since February, 1919,

has also functioned as the "Construction and Maintenance Section" of the Engineering

Division, American Railway Association.

A brief resume of the events leading up to the affiliation with the former ARA may
be pertinent at this time, and make clear to many members the dual relationship.

In the early part of 1919, the then Director-General of Railroads issued an order

requiring the formation of the "American Railroad Association," into which all voluntary

railway associations were to be merged. Your Association among others was requested

to go along with the proposal. The Board of Direction gave careful study to the ques-

tion and decided on account of its importance to submit its determination to the mem-
bership by letter-ballot. The letter-ballot resulted in a negative vote, but the President

was authorized to continue conferences with representatives of the U.S. Railroad Admin-

istration and officers of the ARA. As a result of these conferences, an agreement was

reached, mutually satisfactory, whereby a working alliance was determined on, the salient

features being as follows: (a) The American Railway Engineering Association to retain

its corporate existence and maintain its identity
; (b) no change to be made in its method

of working; (c) committees of the AREA to function as similar committees of the

American Railroad Association, obviating duplication; (d) committees of the AREA,
acting also as committees of the Engineering Division, to perform work in connection

with construction and maintenance; (e) the financial arrangements agreed to between

officers of the ARA and the President of the AREA were to the following effect: The

ARA to pay one-half the salaries of the Secretary and four assistants; the ARA to

absorb a number of minor items, such as telephone, telegraph, light, etc., the AREA,
however, to pay rental for the space occupied by it in the Chicago office.

The foregoing arrangements have worked out satisfactorily over a period of fifteen

years.

At a meeting of railway executives held in September, 1934, a plan was agreed upon

"for the improvement of the general railroad situation and for the consolidation of the

American Railway Association and the Association of Railway Executives into one na-

tional railroad organization, which will deal authoritatively with all matters of interest

to the railroads of the United States."

J. J. Pellcy, former President of the New York, New Haven and Hartford Railroad,

has been elected President of the Association of American Railroads, and M. J. Gormley,

former President of the American Railway Association, has been elected Executive Assist-

ant.

The plan of organization of the Association of American Railroads provides for five

departments, with a Vice-President in charge of each department, namely, (I) Law,

(II) Operations and Maintenance, (III) Traffic, (IV)' Finance, Accounting, Ta.xation and

Valuation, (V) Planning and Research.

The department with which the AREA is immediately concerned is that of Opera-

tions and Maintenance. Instructions have been issued to the effect that until further

notice, "The several Divisions, Sections, Joint Committees, Bureaus, etc., of the former

American Railway Association, will function as such of the Department of Operations

and Maintenance, under the supervision of J. R. Downes, Vice-President."
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The published records of your Association are ample evidence that it has rendered
the transportation industry a distinct service, and are an assurance that it will render
the Association of American Railroads the same loyal, wholehearted and enthusiastic sup-
port it has given its predecessor.

Acknowledgment.—The loyal, faithful and efficient services rendered by the office

staff is hereby gratefully acknowledged.

Secretary.
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©eteascb Mtmbetn

B. M. Allen
Engineer Maintenance of Way, Danville & Western Railroad

C. A. Bates
Inspector of Transportation, Wheeling & Lake Erie Railway

P. R. BiCKFORD
Track Supervisor, Reading Company

W. G. Brown
Engineer Maintenance of Way, Florida East Coast Railway

W. R. Cole
President, Louisville & Nashville Railroad

A. R. Cook
Civil Engineer

H. A. CURRIE
Electrical Engineer, New York Central Railroad

W. L. Foster

Professor of Railway Engineering, Iowa State College

E. E. Fox
General Freight and Passenger Agent, Missouri—Kansas-Texas Lines

F. B. Freeman
Retired Chief Engineer, New York Central Railroad

Grant Hall
Vice-President, Canadian Pacific Railway

W. M. Jaekle
Engineer Maintenance of Way and Structures, Southern Pacific Company

J. M. Johnson
Consulting Engineer, Illinois Central System
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Morgan T. Jones

Civil Engineer

Mild S. Ketchum
Dean, College of Engineering, University of Illinois

J. E. King

Engineer Maintenance of Way, Chesapeake & Ohio Railway

R. A. McCranie

Assistant General Manager, Atlantic Coast Line Railroad

F. J. Nannah
Engineer Maintenance of Way, Pittsburgh & Lake Erie Railway

L. E. RiTTER

Consulting Engineer

C. S. Sims

Retired Vice-President, Delaware & Hudson R.K. Corp.

C. H. Stein

Assistant to President, Central Railroad of New Jersey

Theo. Speiden

Assistant Engineer Maintenance of Way, Southern Railway System

Thos. S. Stevens

Signal Engineer, Atchison, Topeka & Santa Fe Railway

F. J. Stimson

Retired Chief Engineer (Western Lines), Pennsylvania Railroad

A. O. Wilson

Division Engineer, Seaboard Air Line Railway
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GEOGRAPHICAL DISTRIBUTION OF MEMBERSHIP

United States and Possessions

Alabama 5

Arizona 3

Arkansas 14

California 52

Colorado 14

Connecticut 19

Delaware 1

District of Columbia 27

Florida 10

Georgia 23

Hawaii 1

Idaho 1

Illinois 270
Indiana 31

Iowa 16

Kansas 32

Kentucky 21

Louisiana 13

Maine 11

Maryland 37
Massachusetts 43
Michigan S3
Minnesota 68
Mississippi 7

Missouri Ill

Montana 10

Nebraska
New Jersey

New Hampshire .

New Mexico
New York
North Carolina .

.

North Dakota . .

.

Ohio
Oklahoma
Oregon
Pennsylvania . . .

.

Philippine Islands

Porto Rico
Rhode Island . . .

.

Tennessee
Texas
Utah
Vermont
Virginia

Washington
West Virginia

Wisconsin
Wyoming

20
35

5

1

159

19

1

142

6

4
162

1

1

2

21

68

6

9

82

17

21

1,684

Other Countries

Canada 104

Japan
Mexico
China
Argentine
India

AustraHa
Brazil

Union Sov. Soc. Rep.
Cuba ,

England
Manchukuo
Central America

28

10

Africa

Columbia
Czecho-Slovakia .

Germany
Bolivia

France
Scotland

Siam
Spanish Honduras
Switzerland

219
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RAILWAYS REPRESENTED IN THE AREA., MILEAGE AND
NUMBER OF MEMBERS

Number oj

Mileage Member:^

Akron, Canton & Voungstown Railway 171 1

Alg-oma Central & Hudson Bay Railway 322 1

Alton & Southern Railroad 31 1
Arkansas Railroad Company 20 1

Atchison, Topeka & Santa Fe Railway System 13,300 66
Includes Gulf, Colorado & .Santa Fe Panhandle & Santa Fe

Atlanta, Birmingham & Coast Railroad 630 3

Atlanta & West Point Railroad 227 1

Atlantic Coast Line Railroad 5,300 15
Baltimore & Ohio Line Railroad System 6,384 65

Alton Railroad 951 5

Bangor & Aroostook Railroad 604 2
Bessemer & Lake Erie Railroad 226 6
Bingham & Garfield Railway 40 1

Boston & Maine Railroad 2,081 24
Brantford Steam Railroad 1
Brooklyn Manhattan Transit Corporation 9 1
Butte, Anaconda & Pacific Railway 65 1
Canadian National Railways 22,039 57

Central Vermont Railway 457 2
Grand Trunk Western Railway , 1,441 7

Canadian Pacific Railway 16,357 32
Central of Georgia Railway 1,958 10
Central Railroad of New Jersey 689 9
Chesapeake & Ohio Railway 3,121 78
Chicago, Burlington & Quincy Railroad 9,184 19
Chicago Great Western Railroad 1,500 7
Chicago, Indianapolis & Louisville Railway 647 3
Chicago, Milwaukee, St. Paul & Pacific Railroad 11,203 24
Chicago Railway Terminal Commission 1
Chicago Rapid Transit Company 1
Chicago, Rock Island & Pacific Railway 7,611 34
Chicago, St. Paul, Minneapolis & Omaha Railway 1,664 2
Chicago Union Station Company 1
Chicago, West Pullman & Southern Railroad 13 1

Chicago & Eastern Illinois Railway 939 5
Chicago & Illinois Midland Railway 132 1

Chicago & Northwestern Railway 8,443 13
Chicago & Western Indiana Railroad 68 6
Cincinnati Union Terminal Company 2
Cleveland Union Terminals Compan.v 60 2

Colorado & Southern Railroad 1,030 1
Colorado & Wyoming Railroad 105 1
Columbia & Cowlitz Railway 8 1
Columbus & Greenville Railway 16-8 1
Delaware & Hudson Company 876 11
Delaware, Lackawanna & Western R.ailroad 998 20
Denver & Ric Grande Western Railroad 2,476 3
Des Moines Union Railway 5 l
Detroit & Toledo Shore Lino Railroad 50 3
Detroit, Toledo & Ironton Railroad 474 2
Duluth. Missabe & Northern Railway 556 5
Elgin, Jollet & Eastern Railway 447 4
Erie Railroad 2. ^"8 37
Florida East Coast Railway 8T9 fi

Fort Sinith & Western Railway 250 1
Fort Worth & Denver City Railway 804 2
Galveston Wharf Company 51 1
Georgia & Florida Railroad 464 1

Georgia Railroad 329 1

Great Northern Railroad 8,598 17
Gulf, Mobile & Northern Railroad 962 1

Huntington & Broad Top Mountain Railroad & Coal Company 82 1

Illinois Central System 6,702 52
Illinois Terminal Railroad System 526 3
Indianapolis Union Railway 16 1
Interborough Rapid Transit Company 2
Interstate Railway 74 1
Johnstown & Stony Creek Railroad 16 1
Kansas City Southern Railway 857 14
Kansas City Terminal Railway 26 3
Kentucky & Indiana Terminal Railroad S l

Key System Tran.sit Company 70 1
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RAILWAYS REPRESENTED IN THE A.R.E.A., MILEAGE AND
NUMBER OF MEMBERS—Continued

Number oj

Mileage Members

Lake Superior & Ishpeming RailioncI 160 3

Lehigh & Hudson River Railway 07 1

Lehig:h & New England Railroad 227 3

Lehigh Valley Railroad 1,354 10

Lime Rock Railroad . 1

Louisiana, Arkansas & Texas Railway 256 1

Louisiana & Arkansas Railway 608 2

Louisville & Nashville Railroad 5,104 10

Maine Central Railroad 1,045 7

Midland Continental Railroad 69 1

Midland Valley Railroad 363 1

Minneapolis & St. Louis Railroad 1,622 2

Minneapolis, St. l^aul & Sault Ste. Marie Railway 4,304 9

Minnesota Transfer Itailway 140 1

Mississippi Central I^iailroad 150 1

Missouri & North Arkansas Railway 365 1

Missouri-Kansas-Texas Lines 3,188 19

Missouri Pacific Lines:
International-Great Northern Railroad 1,160 1

Gulf Coast Lines 1,222 17
Missouri-Illinois Railroad 208 3

Missouri Pacific Railroad 7,421 67

Mobile & Ohio Railroad 1,202 2

Montana, Wyoming- & Southern Railroad 27 1

Montour Railroad 58 1

Montreal Tramways Company 1

Muncie & Western Railroad 1 1

Nashville, Chattanooga & St. Louis Railway 1,203 4

National Itailways of IMexioo 8,173 9

Newburgh & South Shore Itailway 16 1

New Orleans & Lower Coast Railroad 60 1

New York Central Lines:
Boston & Albany Railroad 402 9

Cleveland, Cincinnati, Chicago & St. Louis Railway 2,333 21
Indiana Harbor Belt Railroad 120 2

Michigan Central Railroad 1,858 12
New York Central Railroad 5,478 69
Peoria & Eastern Railway 212 3

Pittsburgh & Lake Erie Railroad 235 3

N'ew York, Chicago & St. Louis Railroad 1,691 13
New York, New Haven & Hartford Railroad 2,069 24
New York, Ontario & Western Railway 569 3
Niagara Junction Railway 4 1

Norfolk & Western Railway 2,185 17
Norfolk Southern Railway 933 2

Northern Pacific Railway 6,914 39
Norlhwestern Pacific Railroad 381 3

Oklahoma Railway , 119 1

Pennsylvania Railroad 10,511 68
Long Island Railroad 400 1

Peoria & Pekin Union Railway 159 2
Pere Marqiiette Railway 2,i;53 13
Piedmont & Northern Railway 128 1

Pittsburgh & West Virginia Railway 138 t

Pittsburgh, Chartieis & Youghiogheny Railway 18 1
Pittsburgh, Lisbon & Western Railroad 23 1
Pullman Railroad ^ 6 1
Quannah, Acme & Pacific Railway 128 1

Reading- Company 1,478 25
Pennsylvani^,-Reading Seashore Lines 425 1

Richmond, Fredericksburg & Potomac Railroad 118 3

Rio Grande & Eagle Pass Railway 25 1

Rutland Railroad 413 2
Sacramento Northern Railroad 274 1
Sand Springs Railway ^ 32 1

San Francisco, Napa & Calistoga Railway 46 1

Savannah & Atlanta Railway 147 1

Seaboard Air Line Railway 4.310 16
Southern Railway System (1,859 30
Southern New Eng-land Railroad 1
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RAILWAYS REPRESENTED IN THE A.R.E.A., MILEAGE AND
NUMBER OF MEMBERS—Continued

Number oj

Mileage Members
Southern Pacific System:

Houston & Texas Central Railroad 1
Southern Pacific Company—Pacific Lines 8,836 28
Southern Pacific Lines—Texas &. Louisiana 4,458 12
Southern Pacific Company of Mexico L.370 4

St. Louis-San Francisco Railway 5,73fi 6
St. Louis Southwestevii Railway 1,885 7
Tela Railroad 244 2
Temiskaming- & Northern Ontario Railway 532 1
Tennessee, Alabama & Georgia Railway ',)5 1
Tennessee Central Railway ,__ 288 1
Tennessee Coal, Iron & Railroad Company 1
Terminal Railroad Association of St. Louis 52 4
Texarkana & Fort Smith Railway 81 1
Texas & Pacific Railway 2,091 11

Texas Pacific-Mi.ssouri Pacific Terminal Railroad of New
Orleans 10 2

Toledo & Western Railroad 31 1
Toledo, Peoria & Western Railroad ._ 239 1
Toledo Terminal Railroad ^ 29 3
Toronto, Hamilton & Buffalo Railway 111 1
Toronto Harbor Commis.«ion 1
Toronto Terminhls Railway 3
Union Pacific System:

Los Angeles & Salt Lake Railroad 1,241 2
Oreg-on Short Line Railroad 2,504 4
Oregon-Washington Railroad & Navigation Company 2,295 2
Union Pacific Railroad "

3,768 17
Union Railroad (Pittsburgh) 45 2
Union Railway (Memphis) 90 l
Utah Railway HI i
Virginian Railway 619 7
Wabash Railway 2,457 29

Ann Arbor Railroad 332 4
Washington, Idaho & Montana Railway 50 1
Washington Terminal Company 2 1
Waterloo, Cedar Falls & Northern Railway 112 2
Western Maryland Railroad S92 9
Western Pacific Railroad 1,213 3
Wheeling & Lake Erie Railway 537 5
Yosemite Valley Railroad 78 1
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FINANCIAL STATEMENT FOR CALENDAR YEAR ENDING
DECEMBER 31, 1934

Balance on hand January 1, 1934 $75,392.61

RECEIPTS
Membership Account

Entrance Fees $ 450.00

Dues 18,607.58

Binding Proceedings 1,593.46

Sales of Publications
Proceedings 1,113.00

Bulletins 1,653.29

Manual 419.50

Specifications 62 1 .85

Track Plans 901 .45

Advertising
Publications 794.20

Interest Account
Investments 3,342.28

Bank Balance 22.69

Miscellaneous 62.20

Rail Committee 686.38

Total $30,267.88

DISBURSEMENTS

Salaries $ 8,714.00

Proceedings 4,384.63

Bulletins 4,917.22

Track Plans 3,684.00

Stationery and Printing 502.59

Rents, Light, etc 832.70

Supplies 67 .48

Expressage 320.90

Postage 566.20

Exchange 80.96

Committee Expenses 64.40

Officers' Expenses 64.00

Annual Meeting 686.09

Refund Dues, etc 43.75

Audit 200.00

Pension (A. K. Shurtleff ) 1,200.00

A.A.R. Employes' Pension Fund 118.54

Miscellaneous 25.10

Total $26,472.56

Excess of Receipts over Disbursements $ 3,795.32

Balance on hand December 31, 1934 $79,187.93

Consisting of

Bonds $71,777.52

Cash in Northern Trust Co. Bank 7.083.38

Cash in Royal Bank of Canada 302.03

Petty Cash 2S.00

$79,187.93
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REPORT OF THE TREASURER

Balance on hand January 1, 1934 $75,392.61
Receipts during 1934 $30,267.88
Paid out on Audited Vouchers, 1934 26,472.56

Excess of Receipts over Disbursements 3,795.32

Balance on hand December 31, 1934 .$79,187.93

Consisting of:

Bonds at cost $71,777.52

Cash in Northern Trust Co. Bank 7,083.38

Cash in Royal Bank of Canada 302.03

Petty Cash' 25.00

$79,187.93

Respectfully submitted,

A. F. Bl.aess, Treasurer.

I have made an audit of the accounts of the American Railway Engineering Asso-

ciation for the year ending December 31, 1934, and iind them to be in accordance with

the foregoing Financial Statements.
Charles Campbell, Auditor.
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GENERAL BALANCE SHEET

December 3L 1934

Assets 1934 1933

Due from Members $ 3,037.00 $ 4,423.50
Due from Sales of Publications 212.65 188.65
Due from Advertising 25.00 50.00
Due from Rail Investigations 686.38
Furniture and Fixtures 394.00 450.00
Gold Badges 37.50 37.50
Publications on hand (Estimated) 2,000.00 2,000.00
Extensometers 300.00 350.00
Investments (Cost)' 71,777.52 70,691.02
Interest on Investments (Accrued) 398.85 1,364.97
Cash in Northern Trust Company Bank 7,083.38 3,755.30
Cash in City National Bank & Trust Company 325.55
Cash in Royal Bank of Canada 302.03 595.74
Petty Cash 25.00 25.00

Total .$85,592.93 $84,943.61

Liabilities

Members Dues Paid in Advance $ 4,221.71 $ 3,967.50

Surplus 81,371.22 80,976.11

Total $85,592.93 .$84,943.61
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The Secretao':—Another Association year has passed into history. It is gratifying

to record the fact that it has been a most successful one.

Notwithstanding some unusually heavy printing bills and extraordinary expendi-

tures on account of the portfolio of trackwork plans, we have come through the year

with a substantial margin. The excess of receipts over disbursements were $3795.32.

By reference to the committee reports which you have received, it will be noted

that committees have performed their duty and presented to you for your action a

series of reports of great practical value. Quantity and quality compare favorably with

those of previous years.

The membership rolls show a slight decrease over the previous year. Economic con-

ditions are responsible for this situation, but as business improves, many members who
have been obliged by adverse circumstances to give up their membership, are applying

for reinstatement.

The Board of Direction, recognizing the loyalty and long and faithful services of

members who have held membership for many years, has created a "Life Member" class

under which a member who has paid dues for 35 years, or who has reached the age of

seventy years and has paid dues for not less than 25 years, shall be exempt from the

further payment of dues.

A development of major importance to your Association has been the formation

of the Association of American Railroads during the year. This organization super-

sedes the former American Railway Association.

Since 1919, your Association has functioned also as the Engineering Division of

the American Railway Association. No change has as yet been made in our relation-

ship with the new organization of Association of American Railroads.

The President:—You have heard the report of the Secretary and of the Treasurer.

What is your pleasure?

Mr. George W. Kittredge (Past-President):—I move they be accepted and placed

on file.

Mr. J. C. Irwin (Boston & Albany):—I second the motion.

(The motion was put to a vote and carried.)

The President:—With reference to the deceased members recorded in the Secretary's

report, the Chair would ask the members to rise and stand for a moment in silent tribute

to our departed associates.

(The convention arose and stood in silent tribute to the memories of the deceased

members.)

The President:—Your President wrote to Mr. J. J. Pelley, President of the Asso-

ciation of American Railroads; to Mr. J. R. Downes, Vice-President, Operations and

Maintenance Department of that Association, and to Mr. M. J. Gormley, Executive As-

sistant of that Association, inviting them to attend this convention or to send us any

message they might have for us.

Urgent matters prevented Mr. Downes leaving Washington at this time. Mr. Gorm-

ley had expected to be present; in fact, he had written that he would be present. Last

Saturday forenoon, however, he phoned that he would not be able to be here to-day

but hoped to be here to-morrow. We shall probably have the pleasure of hearing from

Mr. Gormley to-morrow.

Mr. Pelley, in reply to your President's letter, wrote as follows:

"I am just in receipt of your letter of March 2 with your very kind and cordial

invitation to attend the Thirty-sixth Annual Meeting of the American Railway Engi-
neering Association, to be held at the Palmer House, Chicago, March 12 to 14 inclusive,

for which please accept my thanks.
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"I appreciate this very much indeed, and if my schedule would permit, it would be
a pleasure to accept. Much to my regret, however, I have some very definite appoint-
ments in the East at the time of your convention, ones that cannot be put aside, and I

regret very much that it will not be possible for me to join you.

"In view of my inability to participate in your meeting, permit me to take this

opportunity to express on behalf of the officers and members of the Association of

American Railroads our grateful appreciation for the splendid and constructive work
that has been accomplished through the years by yourself and your associates and to

assure you of our desire to be of help and assistance in your future undertakings."

The Board of Direction is excused with the thanks of the President.

The privileges of the floor are extended to visiting railroad officials who are not

members of the Association and to professors in colleges, and they are invited to take

part in the discussion of subjects in which they are interested.

The Chair would especially urge that the newer and younger members actively par-

ticipate in the discussions. As the older members retire, it is necessary that the younger

members come forward and fill up the gaps. They undoubtedly have views and opin-

ions on the subjects which will be presented, and we shall be glad to have the benefit

of their experience and comments.

While the Chair does not wish in any way to limit discussion upon important sub-

jects, especially those presented for adoption as recommended practice and for printing

in the Manual, we should not take up time with non-essentials. Reports that are sub-

mitted as information or as progress reports and require no action of the convention for

adoption as recommended practice or for printing in the Manual, require no formal

motion. The convention will receive such reports, giving the members opportunity to

make any remarks that may be of help to the committee in its future work. Such re-

ports, by the existing arrangement, are printed in the Proceedings, and that practice

will be followed unless there is objection to the matter going into our records in the

form presented.

We have a long program before us and, in order to conserve time, it is desirable that

members be prompt in attendance and confine their remarks to the points under dis-

cussion. The Chair requests that each speaker, on rising, give his name clearly and

distinctly, and the name of the Company with which he is connected, so that the re-

porter may get this information correctly.

The next order of business is the consideration of and action on reports of Standing

and Special Committees. The reports will be taken up in the order in which they ap-

pear in the printed pamphlets, with one exception. Committee X—Signals and Inter-

locking, which is now shown as scheduled to report between twelve and twelve-thirty p.m.

on March 14, has been advanced, at their request, to report at twelve o'clock on March

13. The Signal Section is in session in Chicago now and this change will facilitate their

departure from Chicago without holding them here for an extra day. You will please

make note of that change in the schedule. As the committees are called to present their

reports, they will please come forward to the platform.

The first report on the schedule is that of the Committee on Yards and Terminals.

The report will be presented by Mr. M. J. J. Harrison, General Scale Inspector, Pennsyl-

vania Railroad, Chairman of the Committee.

(For Report, see pp. 65-101.)

The President:—The next Committee to report is Committee XXIII—Shops and

Locomotive Terminals. The report of this Committee will be submitted by its Chair-

man, Mr. J. M. Metcalf, Assistant Chief Engineer, Missouri-Kansas-Texas Lines.

(For Report, see pp. 103-113.)
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The President:—The next report is that of Committee XIII—Water Service, Fire

Protection and Sanitation. The report will be presented to you by its Chairman, Mr.

R. C. Bardwell, Superintendent Water Supply, Chesapeake & Ohio Railway.

Dr. Hermann von Schrenk:—Mr. President and Gentlemen: We have received

a letter from Senor Arcocha, the Chief Engineer of the National Railways of Mexico,

who is a member of our Association, sending as his representatives three of his associ-

ates in the Engineering Department of the National Railways. I will read their names,

and I will ask the:e gentlemen to rise so you can see what they look like. They, fortu-

nately, all speak English. I am sure I speak the feeling of the convention in asking you

to assist them as much as possible in their studies.

The first is Senor Manuel Elizonda (Applause) . He is the Engineer of Buildings.

The next gentleman is an Engineer connected with the Track Department, Senor

Manuel de Oyarzabal (Applause).

The third one is interested in the Departments of Water Service and Wood Pres-

ervation, Senor Anton Luna (Applause)

.

The President:—Gentlemen, we have had special representation from your railways

in the past, but this is the largest group we have had. We welcome you and we hope

that next year there will be still more of you with us.

The report of the Committee on Water Service, Fire Protection and Sanitation will

be presented by the Chairman of the Committee, Mr. R. C. Bardwell.

(For Report, see pp. 133-163.)

Mr. George W. Kittredge (Past-President) :—Before the Committee is discharged,

I would like to suggest that you extend more than the general invitation that you ex-

tended to our distinguished visitors—that you specifically ask them to speak to us. One

of them, I understood from Dr. von Schrenk's introduction, was particularly interested

in water service and sanitation on the Mexican railways, and it occurs to me that it

would be of benefit to the Association to hear something from him now.

The President:—Mr. Kittredge is entirely in order, and I hope our guests will take

every occasion they wish to speak on any subject before us while they are here.

Senor M. Elizondo (Mexican National Railways) :—Senor Luna is very thankful

for the invitation the gentleman has just now extended to him, but he excuses himself

on account of not talking very well.

The President:—We want you gentlemen to feel perfectly free to discuss these re-

ports at any time. Please do so.

The President:—Mr. F. L. Nicholson, Chairman of the Committee on Uniform

General Contract Forms, Chief Engineer, Norfolk Southern Railway, will please tell us

what action is desired on his report.

(For Report, see pp. 119-132.)

The President:—The next Committee to report is Committee XVIII—Electricity.

In the absence of the Chairman and Vice-Chairman, I will ask Mr. R. P. Winton, Weld-

ing Engineer of the Norfolk & Western Railway, to please present the report.

(For Rrpo.t. see Bulletin 369, September, 1934.)

AFTERNOON SESSION

The President:—The first report this afternoon is that of Committee XXI—Eco-

nomics of Railway Operation. The Chairman, Mr. J. E. Teal, Transportation Engineer

of the Chesapeake & Ohio Railway, will please present the report.

(For Report, see pp. 24S-26S.)
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Before excusing this Committee with the thanks of the convention, I want to hold

them here for a few moments, if I may, while I perform a very pleasant duty.

Mr. C. A. Wilson (Cincinnati Union Terminal) :—Well, I have been introduced to

you as a promoter, more than as a Charter Member. In the promoter period, things

happened then that I never have been sorry for what I did. Back as early as ten

years before this Association was chartered, I was perhaps the younge.st Chief Engineer

occupying such a railway position, in the United States, and my work was principally

a maintenance job, and in that work, I had controversies with those coordinate officers

in charge of the maintenance of cars and those in charge of the maintenance of motive

power. These gentlemen belonged to the Association of Master Car Builders, and Asso-

ciation of Master Mechanics, and those organizations had standards. Such organizations

were very helpful to these gentlemen in their contentions. The maintenance man had

no association or standards, and I was often considered to be wrong. So I thought we
ought to have an association and I talked that on every opportunity.

At that time, the late Ben Reece was Division Engineer of the Lake Shore & Michi-

gan Southern Railway. Reece was an able and brilliant man, perhaps not so good a

friend to himself. He left this position to go with the Servis Tie Plate Company to

help introduce the tie-plate. I was an early believer in tie-plates. In my experience,

I learned that if one maintained the plane of the tie and the plane of the rail, we did

not need rail braces. Reece told me I was among the first to discard rail braces and

use instead, tie-plates. Reece also agreed with me that we needed a Maintenance of

Way Association and he influenced the late Harry P. Robinson, then editor of the

"Railway Age Gazette", to call a meeting for the purpose of organizing such an asso-

ciation. Mr. Robinson referred to it in his paper or sent letters out, several hundred

probably, to railway officers, calling a meeting, which I believe was held at the Audi-

torium Hotel. We met in a room 20 by 20. The room was plenty big enough to hold

all of us. As I remember it, there were only two men with the rank of Chief Engineer

at that meeting—the late Augustus Torrey, Chief Engineer of the Michigan Central,

and myself. Chief Engineer of the Cincinnati, Hamilton and Dayton Railway.

After Mr. Robinson explained why he had called the meeting, he said, "Now, gen-

tlemen, it is in your hands." Somebody said, "There are not many of us to start any-

thing of that kind", he said: "Do not be discouraged by that; I have helped in these

things before, and they never attend the first meeting. You can go at it and you will

get members. Anyhow, I recommend that you try it".

I had the honor of nominating Mr. Torrey as Chairman at that meeting. There

were only two members of my profession from Cincinnati. I think that was in 1899,

Vvas it not?

(The Secretary: —"1898.")

Mr. C. A. Wilson:—These were L. C. Fritch and myself. Mr. Fritch is now Vice-

President of the Rock Island Lines, but was then Division Engineer of the Baltimore &

Ohio Southwestern at Cincinnati. He and I were both at that meeting. I do not think

there is here today any other man who was at that meeting. Mr. E. H. Lee, whom I

often meet here at the convention, is not here today. He was there, and also Mr. W. S.

Kinnear, who was afterwards President and Chief Engineer of the Kansas City Ter-

minal. He at that time was Mr. Torrey's assistant.

H. A. Kennedy, then Superintendent and Engineer of the Cleveland, Canton &
Southern Railroad, afterward Assistant General Manager of the Great Northern, now
deceased, was chairman of the committee which gave to the Association its first name,

"The American Railway Engineering and Maintenance of Way Association". When he
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was asked to explain why he gave it so long a title, he answered, "So they would not

have to ask questions what it was all about".

At that same meeting, I also had the pleasure of nominating Mr. Fritch as Secre-

tary. I have never been sorry for those two actions, the privilege and honor of nom-

inating Mr. Torrey and Mr. Fritch.

It has been mentioned that I am near the top of the list. The reason that I hap-

pen to be is not from any special merit, but because the fellows who were there at the

first meeting were given a chance to join after a charter was obtained.

Mr. Torrey and Mr. Fritch, after this meeting, went to work vigorously. I be-

lieve they made considerable progress at the annual convention of the American Society

of Civil Engineers at Niagara Falls the following year. Among other prominent Engi-

neers there whom they interested, were the late John F. Wallace, then Chief Engineer

of the Illinois Central, and Mr. Thomas Rodd, Chief Engineer of the Pennsylvania

Lines. Mr. Wallace was sufficiently interested to accept the presidency of the new asso-

ciation. You gentlemen ought to feel as proud as I do of what has been accomplished.

One at my time of life, looking backward, sees a wonderful accomplishment. Some of

the best fun I get out of it is to come to these conventions and see you fellows "shoot

it out".

I might apologize in my recent short discussion for being too emphatic. It's a man-

neri.sm, not heat. My own Com.mittee understand that. I was trying to say that I

do not think that the fellow who has his capital in the railways, gets a just recognition

of his equities.

Gentlemen, I thank you for your attention (Applause)

.

The President:—Gentlemen, I think you know, or if you do not I will tell you

why I introduced Mr. Wilson as a "promoter", not as a Charter Member. There were

about 300 Charter Members. He told you how many promoters there were. He was

amongst the earlier lot, those who came before the Charter Members.

The other pleasure I have is to go back among the Charter Members and at this

time introduce one who is Number 106 in the numerical list of members. He was a

Charter Member, and he is our oldest, not in years but our farthest back, living, Past-

President. I would like to introduce Mr. Kittredge (Applause).

Mr. George W. Kittredge (Consulting Engineer) :—Mr. President and Fellow-Mem-

bers of the American Railway Engineering Association:—It is some time since I stood

behind the desk on the platform, but I remember very well in 1902 and 1903 the real

pleasure and the "kick," if you may call it so, that I got from presiding at some of

those earlier meetings. The business conducted then was conducted in a very different

way from what it is now. But through all the years that I have known the Association

there has always been outstanding an earnest desire to do the best that could be done

for the profession and for the Association. I do not believe there has ever been a time

when that spirit has been lacking. I am glad to see it to-day.

I was the second President of your Association, following Mr. Wallace, and my
interest in it is just as keen to-day as it was then. Circumstances beyond my control

sometimes prevent me from being present at your meetings, but I am with you in

heart if I am not in body.

I bespeak for the Association continued advancement and interest in all that pertains

to the objects for which it was instituted.

I thank you, Mr. President (Applause)

.

Mr. L. S. Rose (Peoria & Eastern):—Mr. Kittredge was my first boss, and he is a

real man (Applause).
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The President:—Gentlemen, we have not had a pleasure of this kind in a long

time. I am hoping we may have it again next year and for many succeeding years,

by having both Mr. Wilson and Mr. Kittredge with us.

The President:—The next report is that of the Committee on Economics of Rail-

way Labor. Mr. F. S. Schwinn, Assistant Chief Engineer, Missouri Pacific Lines, Chair-

man of the Committee, will tell us what action is desired.

(For Report, see pp. 343-3 74.)

Vice-President A. R. Wilson:—Committee XVI—Economics of Railway Location will

be submitted by its Chairman, Mr. F. R. Layng, Chief Engineer, Bessemer & Lake Erie

Railroad.

(For Report, see pp. 205-210.)

Vice-President A. R. Wilson:—The Committee on Maintenance of Way Work
Equipment's report will now be presented to you by its Chairman, Mr. C. R. Knowles,

Superintendent Water Service, Illinois Central System.

(For Report, see pp. 267-301.)

WEDNESDAY, MARCH 13, 1935

MORNING SESSION

The President:—The meeting will please come to order.

At this time the Chair appoints Mr. S. C. Johnson and associates as tellers to can-

vass the votes cast for officers for the ensuing year. The Secretary will turn over the

ballots to the tellers who will canvass the ballots and be prepared to make a report at

the close of the session to-morrow afternoon.

Due to conditions which were unavoidable, Bulletins 373 and 374 were, unfortu-

nately, a little late in being issued. In order to keep the record straight, the Chair will

ask that a formal motion be made that the thirty-day rule, to permit action to be taken

on the reports included in these two Bulletins, be suspended in this case, and the Bulle-

tins be put in order for consideration at this time.

Mr. George W. Kittredge (Past-President) :—I make such a motion.

Mr. W. P. Wiltsee (Norfolk & Western) :—I second the motion.

The President:—You have heard the motion and the second. Those in favor please

signify by the usual manner; opposed likewise. The motion is carried.

The first report this morning will be that of the Special Committee on Complete

Roadway and Track. Will they please come forward? Mr. John V. Neubert, Chairman

of the Committee, will present the report. Mr. Neubert is Chief Engineer Maintenance

of Way, New York Central Railroad.

(For Report, see page 117.)

The President :^The next Committee to report is that of the Special Committee on

Stresses in Railroad Track. The report will be presented by Dr. A. N. Talbot, Pro-

fessor-Emeritus of the University of Illinois, Chairman.

(For Report, see page 243.)

The President:—The next Committee is that on Rail. Mr. Earl Stimson, Chair-

man, Chief Engineer Maintenance, Baltimore & Ohio Railroad, will please tell you what

action is desired.

(For Report, see pp. 519-553.)

The President:—Gentlemen, this Committee is absorbing your discussion and I am

sure will take full cognizance of it in their deliberations during the coming year. I am

sure they will appreciate having any detailed information that any railroad can give

them, and I hope that you will submit such information to them for their as.sistance, if
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you can develop it any time during the coming year. The report will be accepted as

a progress report.

At this time I would like, with the permission of the Chairman of the Rail Com-
mittee, to interrupt the proceedings just a moment. Yesterday I expressed the hope that

Mr. Gormley would be with us to-day. As you know, Mr. Gormley is Executive As-

sistant of the Association of American Railroads. He has just come into the room. I

will be very glad to have Mr. Gormley come to the platform and give us any message

he might have for us. Mr. Gormley (Applause)

.

Mr. M. J. Gormley:—Mr. President and Gentlemen: First I want to express Mr.

Pelley's regret at his inability to be here. He would much rather be here than doing

some of the things he is doing down in Washington, or trying to do. You can well

imagine some of his difficulties down there in trying to get some things done and pre-

vent some other things from being done. I suppose you would be interested a little

bit in the situation there and I will give you that information in just a few brief mo-

ments.

We have to-day bills introduced there for the regulation of motor transport and

waterways. Those bills were prepared by the Coordinator. They are endorsed and

approved by the Interstate Commerce Commission, backed by the state railway com-

missions and by practically everyone in the country we know of, except the truck man-

ufacturers. That situation is a very peculiar one. It would be like the American Loco-

motive Company going down there and telling the Congress what the regulations of the

railroads ought to be. In other words, the manufacturer of the device is now the

principal opponent of the regulation of its use on the highways, and that has been so

for a great many years. We think they are shortsighted. We believe they would be

a lot better off if they had their trucks in the hands of responsible trucking concerns

instead of so many in the hands of fly-by-night operators where they pay one dollar

down and one dollar forever, if they catch them. When they go out of business, an-

other sucker comes along and takes over the truck, starts in to cut rates, and do every-

thing of that kind. The great difficulty with the railroads to-day in meeting truck com-

petition is just that very thing. If they go ahead and cut the rates to meet some com-

petition, some fly-by-night trucker comes along and cuts it under what they cut. The

net result is they lost considerable money that they need not otherwise have lost.

Now we are confronted with another situation down there to-day, of bills intro-

duced by the labor leaders. One is the six-hour day. That bill alone, based on the 19.^0

traffic, and as a result of an investigation over several months by the Interstate Com-
merce Commission, indicated it would cost the railroads .f;600,000,000 a year to put that

into effect

We have, in addition to that, the full crew law which requires a certain number
of extra men on trains beyond a certain length, including passenger trains. Then we
have another one, the train limit. That limits the number of cars you .shall operate

on any train. If you go beyond a certain limit, you have to "put on additional men.

Then we have this bridge and track inspection bill, some signal inspection hills, and
numerous bills of every kind, a conservative estimate of which indicates it would cost

the railroads over $1,000,000,000 a year if all those bills were made effective.

I presume a lot of you heard Mr. Pelley's talk on the radio from New York last

Thursday night. He gave a brief outUne of those questions that are before the rail-

roads to-day.

The complication in connection with the motor truck and bus operators bill is the

injection into it of the reorganization of the Commission. That is very much of a

controversial point. The Commission does not agree with the Coordinator's recom-
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mendation. Wc re<;ret very much that that is in the picture for fear it may interfere

to a great extent in our getting legislation that we think we are entit'ed to have. Ju.t

how it will come out is anybody's guess. The other bills, of course, are very vicious.

We do not know whether they have a chance to pass or not, but so far as the railroads

are concerned, they are preparing all of their defenses with the idea that there is a

possibility of their passing.

That $1,000,000,000 is an interesting figure now, because we figured out a short time

ago that, due to the increased efficiency and economy of operation of the railroads since

1920, they have reduced their cost of operation just about that same extent. In other

words, if we had been handling the traffic of 1929 on the same unit cost basis as we had

in 1920, it would have cost us in excess of $1,000,000,000 more to have moved the 1929

traffic than it actually did cost. Therefore, if these bills are all enacted into law we

would completely lose the result of that efficiency and economy in operation, largely

brought about by capital expenditures for improved equipment, track, signaling, and

everything of that kind. That, briefly, is our situation there to-day.

Of course, injected into this whole thing is this blank check for $4,880,000,000.

It is gumming the cards so far as the rest of the legislation is concerned. What will

become of it is anybody's guess. Also involved in that $4,880,000,000 is something in

which you are greatly interested, and that is the possibility of some of it being allocated

to the elimination of grade crossings. We have hope that, if the blank check does go

through, a reasonable slice of that will be assigned for that purpose. I cannot tell you

very much about that at the present time.

I listened with a great deal of interest to your report on rail. In connection with

the new organization, as you know, we have the Planning and Research Department,

not organized yet, but in the making. In that setup it is proposed to have a Director of

Equipment Research, and that job has been filled by Dr. L. W. Wallace, whom a great

many of you know. We propose another Director of Construction and Maintenance of

Way Research.

Then we have the Bureau of Railway Economics, which is the statistical part and

retains its identity under that organization. Then there is a possibility of there being

a Director of Scientific Research to investigate all of the scientific research that is taking

place in various industries, in their laboratories, to determine whether all of the work is

being done that can be done in the interest of the railroads, or whether it is necessary

for the railroads to go into laboratory work themselves. So far as we know at the

present time, it is not necessary for the railroads to attempt the setting up of any lab-

oratory of their own, but that will be a matter for determination by the scientific

director and, in light of his thorough investigation, all of the work that is being done in

all industries to-day that has relationship to railroads.

In addition to that, there is proposed a Director of Transportation Research to deal

with the question of the loss of business from the railroads to trucks, what are the best

means for securing its return, whether it is in truck bodies, road and rail cars, and all

of the numerous things we have heard of. There is a lot of experimental work going

on by all of the railroads on all of those things, but there is not concentrated in any

one place information that could be used for the benefit of any railroad that wanted to

expand their services in that direction. We hope to expand that part of it so that we

can readily have a complete and reliable answer as to what should be done in that direc-

tion—quite a difficult outlet.

Then we have, in addition to that, the office of Director of Economic Research,

to be in charge of Dr. C. S. Duncan, whom many of you know. That will deal with

the question of highway subsidy, waterway subsidy, the extension of transportation be-
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yond the demands of commerce, and everything of that kind. Some work has been done

on it but not enough.

Also will come in there the question of the economic relationship of railroads to

agriculture from a marketing standpoint, so that we can better place before agriculture

the real problem of the railroads and possibly be of some assistance to them.

That is quite an ambitious program, but we believe that in no other way are we

going to satisfy the pleas of the railroads and convince the public we are doing every-

thing that can be done for the industry within the industry itself.

Gentlemen, it is easy for me to roll this off, and I could talk to you for an hour

without being exhausted at all but I think I had better stop right now (Applause).

The President:—Thank you very much, Mr. Gormley. It is an honor for us to

have you here to-day. This Association feels that it has a real friend at court in Mr.

Gormley, and we appreciate your being here (Applause)

.

Mr. George W. Kittredge (Past-President):—^Mr. President, as a Charter Member

of your Association, and as the dean of the Past-Presidents, I would like the privilege

of stepping to the platform for a few moments.

The President:—The Chair is very glad to extend the privilege to Mr. Kittredge,

our dean of Past-Presidents (Applause).

Mr. George W. Kittredge (Past-President) :—Mr. President and Members of the

Association: I want to speak for a few moments on a subject that I know will interest

all of you. Before approaching that subject, however, I want to say one thing that I

believe Mr. Wilson, one of the promoters of the Association, did not say yesterday when

he spoke to you. Mr. Wilson has never missed attendance upon a meeting of th s

Association since its inception. I think 'that statement ought to be made so that wc-

may know what a loyal man we have in him.

Now for the subject that brought me to the platform.

Mr. President, I have known this Association from its birth. I have known its of-

ficers and personnel in an intima'te way and when I think of the various Presidents, Vice-

Presidents and Directors that have functioned with it and made it the success that it

is, I feel myself very fortunate to have been associated with them. The men who have

filled those positions have certainly contributed in great measure to its high standing.

In times of battle the generals, colonels, majors and captains are acclaimed, but their

success would be lessened much if it were not for the "men behind the guns."

We have in our Association a modest, retiring sort of man who has done moie

probably than any other one man to make the Associa'tion a successful and efficient

reality. He is always on the job. He always knows what has been done. He always

knows what to do next. He knows the capabilities and limitations of the members of

the Association. He is always consulted when persons are under discussion for official

positions or for commitltee membership. He is a man whom we all know and respect.

I refer to our Secretary, Mr. E. H. Fritch, who to-day celebrates his seventy-fifth

birthday anniversary. (Applause). He is not seventy-five years old—-he is seventy-

five years young. What more fitting action could be taken on a day like this than 'to

present to him some letters from his numerous friends.

I take pleasure, my dear Secretary, in presenting to you a volume containing letters

from your numerous friends. May you have many happy returns of the day. May you

live long to administer the duties of your office with the same loyalty and efficiency with

which you have conducted them for more than thirty-five years. I congratulate you.

(The audience arose and applauded).
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Secretar}' E. H. Fritch:—Mr. KittredKe and Friends:—It is somewhat difficult to

make proper acknowledgment of this testimonial of your good-will, but I would like to

have you know that it is a rare privilege to have been associated with this splendid body
of men for so many years.

I want to thank you individually and collectively for all your good-will and kind

wishes.

Thank you, gentlemen (Applause).

Mr. C. R. Knowles (Illinoisi Central):—Mr. President, we have a basket of flowers

from the National Railway Appliances Association which I have been asked to deliver to

Mr. Fritch (Applause).

I also wish to present the following resolution adopted yesterday at the Forty-first

Annual Meeting of the Signal Section:

"The Signal Section, AAR, in session assembled, extends to Mr. E. H. Fritch its

congratulations and best wishes on his seventy-fifth birthday anniversary, and again

thanks him for his assistance in the early days of the Railway Signal Association and h's

continued help and friendship to it and to its successor." (Applause).

The President:—The next Committee to report is the Track Committee. The re-

port will be presented 'to you by its Chairman, Mr. C. J. Geyer, Engineer Maintenance

of Way, Chesapeake & Ohio Railway.

(For Report, sec pp. S5S-S78.)

Vice-President Robert H. Ford (Rock Island):—While the Committee on Ties is

coming to the platform, I would like to read the following:

"The Association desires to obtain the names of all railway engineers who are now

serving as members of state planning boards or who have been invited to cooperate

with state planning boards, or any of their sub-committees. Any member so serving

or who has any information on the subject will confer a favor on the Association if

they will give the information to Secretary Fritch."

Mr. E. M. Hastings (Richmond, Fredericksburg & Potomac) :—Before this Com-

mittee leaves the stand, I would like, if it meets with your approval, sir, to have the

privilege of coming to the platform.

The President:—Do so, please, Mr. Hastings.

Mr. E. M. Hasltings:—Mr. President and Gentlemen: This is not the swan song

of a retiring Director. I have been coming to these conventions for many years, and

I have listened year after year very intently for the swan song of a retiring Director.

I have not yet heard one, and I do not stand b.°forc you this morning to sing such a

song, for two reasons: firsit, because I do not know the air and, secondly, I cannot

sing.

I also come before you this morning with empty hands. I have no prepared ad-

dress to make to you. The things that I say must come from my head, which I trust

is not empty. I come with empty hands for the reason that some years ago, sitting in

the audience listening to several speeches on engineering subjects, I was directly behind

two very distinguished Engineers, and at the conclusion of one speech which had been

lengthily read from a prepared manuscript, one of these disltinguished Engineers turned

to the other one and said, "What did you think of that speech?"

The gentleman said, "There were three things the matter with that speech. The

first thing that was the matter with it was that he read it; the second, he didn't read

it well, and the third, it wasn't worth reading."
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Mr. President, this cnnventioii has been full of surprises. We have broken ?omr

precedents. This, I trust, is another suvprise—let's call it an excursion, a pleisurc trip,

for just a moment before we adjourn for lunch.

This .Association, Mr. President, has honored you with many positi' n^ in its or.'an-

ization. You have served its committees splendidly. I have been instructed, nr, many

times by you as chairman of a committee. I have been picked upon on various occasions,

and on this occasion I am picking on you.

:We watched your progress on the Board of this Association. The Association, sir,

honored you with its presidency, and I believe that I voice the sentiment of every m'jn

in this room and every member of the Association that has had the privilege of attend-

ing 'the convention this year, v/hen I say to you, sir, that the Association has been hon-

ored in having you as its presiding officer.

I have here a very beautiful plaque. It is in the form of a shield, the tmblem of

the Canadian Pacific Railway. It bears this inscription:

"The American Railway Engineering Association records its grateful appre-

ciation to JOHN EDWIN ARMSTRONG for notable services rendered as Pres-

ident in 1934-35. He has contributed generously of his time and talent to pro-

mote the welfare and interests of the American Railway Engineering Association.

Under his progressive leadership the affairs of the Association have been wisely

and ably administered and its record of achievement maintained on the high

plane of past years. This is a 'tribute of our affection and regard."

Mr. President, there is indelibly written in my mem.ory a short quotation from the

writing of the great Henry van Dyke. He wrote:

Four things a man must learn to do, ^" -' "
'r' ^.., -

If he would keep his record true; • ^i^E*" \

To think without confusion, clearly, ^

To love his fellow-man sincerely.

To act from honest motives purely.

To trust in God and heaven securely.

We feel, Mr. President, in presenting you with this plaque, that we are giving you

something that is great, not because of its material value, because it seems to me that

there surrounds it a halo of respect and admiration, and, may I go further, yes, and say,

love that the fellow-members of this Association hold for you, sir. And as you stand

before this in future years, I feel that there will be in the very atmosphere around you

the feeling that you have that love and that loyalty, that respect and este(.m of all of

the membership of the American Railway Engineering Association. /'

(The audience arose and applauded as Mr. Hastings presented the plaque to Presi-

dent Armstrong.)

The President:—Gentlemen, there are emotions that cannot be expressed in words.

At this time I find myself without words.

What I have been able to do for this Association during the past year I have done

willingly and gladly. This token of your appreciation of what I have be'jn able to do

indicates to me that I have not been entirely unsuccessful in serving you.

I assure you that this token of your appreciation will be borne in my heart and my
mind as long as I have a heart and mind. AW I can say is: Thank you! (App'ause)

After th's very happy interruption the Committee is excused with the thanks of vhe

Association.

At this time we shall adjourn for lunch. We uill convene again at two o'clock.
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AFTERNOON SESSION

(Vice-President Robert H. Ford in the chair).

The next Committee to report is that of the Committee on Ties. Mr. John Folej',

Vice-Chairman, Forester, Pennsylvania Railroad, will kindly tell us what action is desired.

(For Report, see pp. 165-179.)

Vice-President Robert H. Ford:—The report of the Committee on Signals and Inter-

locking will be presented to you by its Chairman, Mr. P. M. Gault, Signal Engineer of

the Missouri Pacific Lines.

(For Report, see pp. 197-204.)

Vice-President Robert H. Ford:—The next Committee on the Docket is that on

Iron and Steel Structures. Mr. G. A. Haggander, its Chairman, Bridge Engineer, Chicago,

Burlington & Quincy Railroad, will please present the report.

(For Report, see pp. 631-780.)

THURSDAY, MARCH 14, 1935

MORNING SESSION

The President:—The first report this morning is that of the Committee on Wooden
Bridges and Trestles. Its Chairman, Col. H. Austill, Bridge Engineer, Mobile & Ohio

Railroad, will kindly tell us what action is desired by the convention.

(For Report, see pp. 781-837.)

The President:—Our next report is that on Masonry. Mr. M. Hirschthal, the

Chairman, is Concrete Engineer of the Delaware, Lackawanna & Western Railroad, and

M'ill please present the report.

(For Report, see pp. 839-875.)

The President:—The next Committee to report is that of the Special Committee on

Economics of Bridges and Trestles. The Chairman, Mr. Arthur Ridgway, is Chief Engi-

neer of the Denver & Rio Grande Western Railroad.

(For Report, see pp. 115-116.)

The President:—The next subject on the Docket is that on Waterproofing of Rail-

way Structures. The report will be presented by its Chairman, Mr. J. A. Lahmer,

Senior Assistant Engineer, Missouri Pacific Railroad.

(For Report, see pp. 375-380.)

The President:—Mr. Geo. S. Fanning, Chairman of the Committee on Roadway,

is Chief Engineer of the Erie Railroad, and will please tell us what action is desired.

(For Report, see pp. 303-342.)

The President:—The next Committee to report is that on Highways. Mr. J. G.

Brennan, Engineer of Grade Crossings, New York Central Railroad, is Chairman, and

will present the report.

(For Report, see pp. 877-908.)

The President:—The next subject is that of Buildings. I will ask the Chairman,

Mr. G. A. Rodman, General Supervisor Bridges and Buildings, New York, New Haven

& Hartford Railroad, to please present the report.

(For Report, see pp. 579-630.)

AFTERNOON SESSION

The President:—Gentlemen, the meeting will please come to order. We are now

on schedule and will have the committee.- this afternoon in the order in which they ap-

pear on the outline, excepting that we shall start the afternoon program with Com-



44 BusinessSession

mittee XXV—Waterways and Harbors. Will that Committee come forward? The re-

()ort of the Committee will be presented by its Vice-Chairman, Mr. A. P. Wenzell, Special

Engineer of the New York Central Railroad.

(For Report, see pp. 211-241.)

The President:—The next report is that of the Committee on Standardization. The
Chairman, Mr. J. C. Irwin, Valuation Engineer, Boston & Albany Railroad, will tell us

what action is desired.

(For Report, see pp. 439-451.)

The President:—Our ne.xt subject to be reported on is that on Wood Preservation.

The Chairman of the Committee, Mr. F. C. Shepherd, Consulting Engineer, Boston &
Maine Railroad, will please present the report.

(For Report, see pp. 453-518.)

The President:—The next report is that of the Committee on Records and Accounts.

I will ask Mr, C. C. Haire, Engineer of Capital Expenditures, IlUnois Central Rai'road,

its Chairman, to present the report.

(For Report, see pp. 383-438.)

The President:—The last Committee lo report is that on Rules and Organization.

Mr. E. H. Barnhart, the Chairman, Assistant Division Engineer, Baltimore & Ohio

Railroad, will please tell us what is to be done with this report.

(For Report, see pp. 181-195.)

Mr. L. J. Hughes (Rock Island):—I wish at this time to address the convention

and the Committee on the subject under discussion. Before proceeding, on account

of the lateness of the hour and the fact that I have to leave presently, I beg permission

from the Chair to make a few general remarks which might properly come under new

business. Before proceeding to a discussion of the report, have I that permission from

the Chair?

The President:—That is satisfactory, Mr. Hughes.

Mr. L. J. Hughes:—I want to digress for just a moment, and then I will proceed

to the discussion.

I have heard the report of every Committee of our Association during the last few

days, and what I am about to say is absolutely spontaneous, and I think voices the

sentiments of every member here. I cannot help but comment on the splendid and mas-

terful way in which our President has presided over these meetings.

My acquaintance with our President has existed over a period of fifteen years. When
I first became acquainted with him, he was an ordinary, hard-working member of a com-

mittee on which I served with him. Later on I became associated with him on the ComT
mittee on Arrangements. Some of the members do not appreciate what that Com-
mittee does. Nevertheless it necessitates a lot of painstaking work, and our President,

Mr. Armstrong, was always right on the job.

From that time on I have noted with pleasure his advancement in being elected

Director of this Association, and finally becoming President. During the last few days

I could not help but feel that he has presided over our meeting in a very cordial and

efficient manner.

While at a later time there will be stereotyped resolutions presented on the floor, I

want to have this as a spontaneous comment coming from the body of our membership,

to express our appreciation of the way in which our President has presided over the

meeting. I know that all present join with me in this regard.

Another thing I want to say is that I was very much interested in the discu sion

that took place yesterday afternoon on the report of the Committee on Iron and Steel

Structures. There were a number of young members who addressed the Committee and
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the convention very greatly to the point. While the arguments of these men did not

change the report, still their discussion was pertinent and helpful. It is such discussion

that I think we should strive to secure from our membership.

I have been a member of this Association for twenty-three years. I do not believe

that I ever rose on the floor of the convention to make a remark until I had been a

member for about eighteen years. Nevertheless, discussion from the younger members

is what we seek, and it is from these younger members that we can get the ideas that

will help us progress.

I remember a number of years ago when Mr. Frink of the Seaboard Air Line used

to attend our meetings regularly. Mr. Frink and Mr. Lindsay of the New Yoik Central

used to sit up in front and carefully study each report, never missing a meeting. When-

ever any point came up which was not correct, they had very pertinent discusion. No
slipshod reports ever got by those gentlemen. I was helped by what they gave. I

think it should be the purpose of this organization to encourage discussion, particularly

among the younger members.

I may be a little out of order in making these remarks at this time, and I tru :t

you will pardon the digression, but I know that you will agree with what I have said

about our President (Applause)

.

The President:—Thank you, Mr. Hughes.

The President:—Gentlemen, this completes the consideration of Committee reports

The Chair wishes to thank each of the Committees for presenting their reports in such

a manner that they could be acted upon promptly, intelligently and in good order.

Our next order of business is New Business. Before taking up that item, however,

I wish to make a few announcements. In regard to registration, our final registration

for this year shows 619 members and 288 guests, making a total of 907 registered as com-

pared with 708 in 1934 and 604 in 1933. We will now pass on to new business. Is

there any to come before the convention?

Mr. H. Austin (Mobile & Ohio) :—We have had some very interesting discussions,

and I would ask that the Board at least consider the advisability of publishing these

discussions in Bulletin form without waiting for the usual bound Proceedings.

The President:—That will be given consideration. Has any other member any new

business to offer? There being no further business, I will ask the Secretary to announce

the result of the election of officers for the ensuing year.

The Secretary:—Report of the Tellers: We, the Committee of Tellers, find the re-

sults of the votes to be as follows:

For President:

Robert H. Ford 894 votes

For Vice-President:

J. C. Irwin 910 "

For Secretary:

E. H. Fritch 920 "

For Treasurer:

A. F. Blaess 911 "

For Directors (three to be elected) :

Ralph Budd 598
"

Bernard Blum 376 "

W. T. Dorrance 365 "

W. H. Penfield 362
"

F. R. Layng 314 "

C. B. Stanton 290 "

W. C. Barrett 207 "

Meyer Hirschthal 159 "

D. J. Kerr 145 "
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For Members Noviinating Committee (five to be elected)

:

C. J. Geyer 692 vote:-

M. M. Backus 654

F. S. Schwinn 575

E. G. Hewson , 566

Robert Faries 470

J. G. Brennan 455
F. S. Hewes 424
H. Austin 389
M. J. J. Hamson 226

J. S. Lillie 178

On behalf of the Committee of Tellers,

S. C. Johnson, Chairman.

The officers elected are:

President : Robert H. Ford, Assistant Chief Engineer, Chicago, Rock Island &
Pacific Railway ; A. R. Wilson, Engineer Bridges and Buildings, Pennsylvania Railroad,

automatically becomes First Vice-President.

Second Vice-President: J. C. Irwin, Valuation Engineer, Boston & Albany Railroad

(N.Y.C.R.R.).

Secretary: E. H. Fritch.

Treastirer: A. F. Blaess, Chief Engineer, Illinois Central System.

Directors: Ralph Budd, President, Chicago, Burlington & Quincy Railroad; Ber-

nard Blum, Chief Engineer, Northern Pacific Railway; W. T. Dorrance, Assistant to

Chief Engineer, New York, New Haven & Hartford Railroad.

Members of Nominating Committee: C. J. Geyer, Engineer Maintenance of Way,

Chesapeake & Ohio Railway; M. M. Backus, Assistant Engineer Maintenance of Way,

Iliinoi? Central System; F. S. Schwinn, Assistant Chief Engineer, Missouri Pacific Lines;

E. G. Hewson, Engineer Maintenance of Way, Canadian National Railways; Robert

Faries, Assistant Chief Engineer Maintenance, Pennsylvania Railroad.

The President:—Gentlemen, our congratulations are extended to all (Applaus?).

Is there any further business to come before this meeting? If not, I will ask Pa t-

President Yager and Past-President Morse to conduct our President-Elect, Mr. Robert H.

Ford, to the rostrum.

(Past-Presidents Yager and Morse escorted President-Elect Ford to the platform.)

The President:—^Mr. Ford, I wish to congratulate you upon your election to the

highest office which the railway engineering profession has in its power to bestow upon

one of its members.

I am sure you will have the same loyal support from your Board of Direction

and from the members of this Association as I have had during the past year.

I wish you, sir, a most successful administration (Applause).

(President-Elect Robert H. Ford assumed the Chair.)

The President:—Mr. Armstrong, Fellow-Members:—No man can come lo the pre,si-

dency of the American Railway Engineering Association without a very deep feeling of

responsibility because the affairs of 'this great organization are so ordered that to such

men must also come a full sense and meaning of the splendid record of achievement in

engineering leadership that has marked his predecessors in the almost half century of i'.s

existence.

No man can assume the direction of its affairs without an appreciation of the great

benefi'ts, both technical and social, which come from working together in a spirit of mu-
tual helpfulness and with a tolerant appreciation of the views and experiences of his

co-workers with whom the affairs of this great organization are also entrusted.
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It is this spirit, this training, these efforts, that have combined to piace the American

Railway Engineering Association as the foremost organization of its kind in the field of

transportation engineering on the North American continent and have operated to exert

a correspondingly profound influence on engineering research, engineering education, as

well as in the fields of industrial and social research. It is with a deep sense of this

responsibility that I now assume the direction of the affairs of this Association. (A[)-

plause)

.

The Board of Direction will meet immediately after the close of the Convention.

If there is no further business, the Convention stands adjourned sine die.

The Thirty-seventh Annual Convention of the American Railway Engineering Asso-

ciation 'will convene in the Palmer House, Chicago, March 10, 11, 12, 1936.

. K^Ct^-i^^^i^-^it^--^

Sccretarv.





A STEAMSHIP OUTLOOK
By WILLIAM BAIRD, Esq., Steamship Passenger Tiaffic Manager,

Canadian Pacific Railway Company

The President:—Ladies and Gentlemen; The American Railway Engineering Asso-

ciation welcomes its members and guests present here to-daj'.

The American Railway Engineering Association is a working body. Its annual

luncheon is its only social function. Even at its luncheons in the past it has sought from

its speakers additional railway knowledge. At this luncheon we are going to depart from

this precedent. We are going to seek knowledge in regard to ocean shipping.

Although the railways of the United States are forbidden the joys of operating ocean

services, the railways of Canada are not so restricted. They may be, and the major ones

arc, amphibious.

Our speaker to-day has chosen as his subject "A Steamship Outlook." He is par-

ticularly well-fitted for his task. He was born in Scotland on the banks of the River

Clyde where great ships are built. He has traveled extensively, living at various times in

Russia under Soviet rule, and in Italy under Mussolini. He represented the British

Government and steamship interests on the Transit Committee of the League of Nations,

and he has been Chairman of many International Steamship Passenger Conferences.

It is my privilege and pleasure to introduce the Steamship Passenger Traffic Manager

of the Canadian Pacific Railway, Mr. William Baird.

(The audience arose and applauded.)

Mr. William Baird:—I desire first, Mr. Chairman and gentlemen, to thank you for

giving me the privilege and pleasure of addressing the American Railway Engineering

Association luncheon meeting. I did not understand until this noon that the Railway

Engineering Association members required the presence of attractive ladies to help in their

digestion, but the presence of the ladies helps me to recount a story, to tell how some

ladies regard their husbands.

Lady Oxford tells the story of the honeymoon couple who went to the seaside.

The morning after, when we are usually very thoughtful, they both sat on the seashore

holding hands, and he became poetical and said: "Roll on, thou deep blue ocean, roll!"

And she turned around with those loving eyes and said, "Darling, you are wonderful

!

It is doing it."

The presence of the ladies also encourages me to the thought that you will not treat

me as the Aberdeen shopkeeper treated an English tourist. He was of a very religious

turn of mind, and he insisted that his shop assistants should always have a Biblical text

for every transaction. The poor English tourist, having traveled all the way from Lon-

don to Aberdeen, went into the shop, and the shop assistant charged twice the customary

amount. The shopkeeper then went to his assistant and said, "Donald, what text do

you put up for that?"

"Well, Mr. MacDonald," he said, "the text is 'I was a stranger and ye took me in.'
"

I presume, Mr. Chairman, in asking a man of the sea to address you, you will for-

give him if he sails along on his own course, guided by the light of reason and the tick

of the clock. I will not, I promise you, be hke the Scotch cook who had to be vac-

cinated on account of an outbreak in the family home. The doctor, after having done

all the other members, visited the kitchen and said, "Maggie, where do you want to be

vaccinated?"

"Well," she said, "Doctor, I cannot have it on my arms because I work too hard."

"Well, where would you like to have it?"
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"I cannot have it on my legs, Doctor, because I am walking around this kitchen all

the time."

"Well, Maggie, I must do it somewhere."

"Well, Doctor, you can. I never sit down!"
I don't, also, need the help of the old Scotch lady whose husband died, and her

neighbor asked her, "Where are you going to bury your husband?"

"Oh, well," she said, "I am not going to bury him at all."

"Oh, Mrs. MacPherson, what are you going to do?"

"Well," ehe said, "I'm going to cremate him."

"Oh, Mrs. MacPherson, what are you going to do that for?"

"Well," she said, the old devil never worked for me when he was alive, and I am
going to put the ashes in an egg-timer!"

Railroad officers in the United States, by virtue of their profession and the geo-

graphical boundaries of the organizations which they serve, have a highly-trained do-

mestic outlook as distinct from an overseas outlook. I hope there will be some diversion

from your studies if I try to paint a picture of the experiences of a railroad officer whose

duties compel him to look across the oceans of the Atlantic and the Pacific rather than

across the mountains and the prairies of this great continent.

In a gathering of railroad officers, one hesitates to delve back into the history of the

conception and the construction of one of the first trans-continental railroads in North

America, but I seek your permission to do so, to get an appropriate background for some

of the points which I propose to make.

I will not, as far as I can, adopt the slogan of Lord Joy who put over his whiskey

advertising with a slogan such as this:

The codfish lays a million eggs.

The helpful hen lays one

;

The codfish never cackles

To tell you what she's done.

And so we scorn the codfish.

The helpful hen we prize.

Just to prove to you and me
It pays to advertise.

The Canadian Pacific Railway on its completion stretched the 2900 miles from the

Port of Montreal to the Port of Vancouver, with a meager population of only 4,500,000

people in the entire area of Canada. It was obvious, therefore, that overseas trade as

well as domestic trade was essential to success. In the early eighties, therefore, the

Canadian Pacific planned ocean as well as land responsibilities, and as the years sailed

on, ever-increasing ocean activities were undertaken by the company, evidenced by the

fact that last year Canadian Pacific steamships steamed on the Seven Seas 1,390,000

miles, and they flew the company's flag in 118 different ports around the world, con-

suming, in this work, 315,000 tons of fuel and Diesel oil and 196,000 tons of coal.

Such an undertaking involves each year the maintenance of an organization which is

in touch with trade and commerce conditions on seven continents, acquaints itself with

the physical and geographical characteristics of seaports all around the world, including

those with the unusual names of Sanbuamga and Tanganpriok, and it tries to analyze the

whims and the wants of travelers of varying races and creeds and of evei-y color of

humanity.

In our organization we regularly deal with correspondence in seventeen different

languages. These differing conditions bring to mind the story of the old Scotch lady

who went to visit her neighbor, and the neighbor said, "Mrs. MacDonald, with your tem-

perance principles you won't be able to drink a glass of whiskey."
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"No," she said, "wath my temperance principles I can't drink a glass of whiskey,

but just you pour it over my bread and fll be able to eat it
!"

The overseas steamship passenger official must also on occasion have the alertness

and the sagacity of a financial genius, for he must every year estimate in advance what
the varying world currencies are going to be at a given date, as his basic rates are re-

lated to thirty different world currencies, all of which have been fluctuating violently

within recent years. For example, there was a time when an Atlantic passenger in

London, England, could take a trip to Paris, have a good night in Paris, buy his ocean

ticket to New York and have the advantage of the Paris thrill and his ocean passage

for the same price as he would have paid in London, England.

On another occasion, due to fluctuation in currencies we found ourselves booking

passengers from Hongkong to London via Vancouver and New York at a less rate than

we were selling tickets from Hongkong to New York itself. This was due to the fact

that in the Orient the American and Canadian lines are obliged to meet the competition

of the European lines which use the Suez Canal and quote in British sterling, and when
sterling fluctuated violently, we were left for a period in a very helpless condition.

The Scotchman bought his ticket for this long journey from London to Hongkong,
and, being Scotch, he did not interest himself very much in the other passengers and did

not converse with them very much. When, after two weeks, they were coming near

Hongkong, the Englishman who had been with him all the journey said, trying to start

a conversation, "It has been a long journey, Mr. MacPherson."

"Yes," he said, "but it would need to be, look how high the fare is!"

The capacity of the steamship official is also tried in his versatility. On the occa-

sion of the 130-day world cruise of the Empress of Britain, which is organized each year,

we are obliged to have our staffs from Canada and the United States look after the well-

being of passengers in thirty-four different foreign lands. In India, for example, our

staff with our passengers are 11,500 miles from headquarters which, in some instances,

is a very good thing. They are 3100 miles from the nearest C.P.R. office, and they are

1500 miles from the ship itself.

On the world cruise, also, our steamship organization arranges and insures the op-

eration of thirty-seven special trains in seven foreign lands, and arranges for the com-

pany's guests to be transported on elephants, camels, donkeys, hell-ponies, sandcarts, and

all sorts and conditions of sailing craft around the world.

We encounter in our reports at headquarters most interesting and instructive travel

features. For example, the railroad in the Federated Malay States and the railroad in

Siam, although distinct from each other, cooperate very closely. In the Federated Malay
States, in addition to the construction of a fine railroad, the state also built very good

highways, with the result that the railway operates at a loss. In Siam, where they have

most excellent railroad facilities, trunk highways are unknown, and the railway operates

at a profit.

Here, 10,200 miles away, is the basic problem of the traffic departments of the rail-

roads in Canada and the United States. In Siam, if a train strikes and kills cattle, the

railroad sues the owner of the cattle because of his allowing the cattle to stray on the

railroad track.

In China a woman sat crying bitterly all day on the track between Chinkwangtau

and Peking, and she brought successfully to a standstill our special train with our cruise

passengers. Inquiry revealed that the woman had had a cow killed the previous day on

the railroad and she felt that the only way she could get justice was by sitting on the

track and holding up the train the next day. She felt she had a grievance. On inquir\'

it was found that she had gotten compensation, quickly paid by the claims department,



52 A Steamship Outlook

of ten dollars for the loss of the cow, but she maintained she ought to be paid twenty

dollars because the cow was in calf. It v.-as vn consolation to us that that cow was

destroyed by the train of our competitor moving the previous day.

The railroad in India from Chilkauri to Dharungaon rises 7000 feet in 51 miles.

In other words, it travels 51 miles to get ten miles ahead. It is a miniature railway

with a 24-inch gage. The track and the motor road were whittled away out of the

mountainside and both parallel each other. A unique feature is that automobiles using

the road move by a combination of telephone dispatching and a lapsed time control.

The road belongs to the railroad, and all cars, automobiles, must report to the railroad

station for orders. When a car is overdue at its next point, the necessary steps are taken

to insure the reason, which may be tigers.

The track winds round and round, and the headlight glare is rarely focused on the

track itself, so that a kerosene flare is carried by a coolie on the front of the engine.

This is also a help to frighten away the wild animals which are found on that road.

A Canadian lady, seeing the kerosene flare for the first time, was emphatic in her

declaration that this unconventional illumination was to insure the driver would see his

way and that the train would not go off the track.

I had thought of telling a story at this point but the ladies rather disturb me. A
Scotch girl joined the ship and within two hours she went right up to the bridge and

interviewed the captain, and said, "Captain, I have a very serious complaint to make.

Won't you come down to my cabin and look into it?"

He said, "All right." He went down, and she said, "Captain, I have a very serious

complaint. There is a man in my cabin."

The captain said, "Well, lassie, I've been going to sea for thirty years and I've never

had such luck!"

The basic problems, in recent years, of steamship operators have been similar to those

of railroad operators. While striving to get financial economy, yet struggling for the

maintenance of efficiency; while possessing excellent equipment, yet seeing our traffic

dwindling, in the search for economy our company is much in the debt of our engi-

neering organization which has enabled us in the past six years to build six large liners

with an extraordinary fuel oil consumption.

In the Empress of Britain, with a tonnage of 42,000 and a speed of twenty-four

knots, we possess a most economical unit, which makes a trans-Atlantic crossing in

twelve days, and to-day is accomplishing the work which two ships undertook five years

ago. This Empress of Britain, when she was built in 1931 the shipbuilder was very

disturbed that she should be a success, and he sent one of his Scotch apprentice engi-

neers on the ship to make sure everything went all right. This Scotch boy went to his

mother and told her what a wonderful position he had got, and she said, "Donald, if

you just throw a penny over the side of that ship every day crossing the Atlantic, it is

sure to be a success."

So when he got back, Donald told his mother, "Mother, I threw out the penny on

the first day and the second day and the third day and the fourth day, but on the fifth

day there was such a storm that the string got tangled up with the rigging and I lost

my penny !"

On the sea, as on the land, the challenge to steam propulsion continues to be prose-

cuted, but so far as high-powered steamships are concerned, the victory still remains with

steam. Several large passenger liners which were constructed as motor vessels have been

sent back to the shipbuilders to have the propulsion changed to steam under a modernized

system.
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It may interest you to know that the Canadian Pacific have built eleven large pas-

senger liners in recent years and never yet have wc divorced ourselves from steam pro-

pulsion.

In its attempt to meet declining traffic returns, a steamship organization has the ad-

vantage over its railroad colleague in that it has opportunities to change its routes and

to send its traffic units to the sources of new or improved revenue. For example, on the

Atlantic, when traffic declined, we withdrew ships and send them on short sea cruises

from the United States, from Canada, and from England.

Another interesting .sidelight on this feature of transferring the ocean units to the

sources of revenue is to be found in the importation of sugar to the British Isles. An

analysis of the sources of imports prior to 1914 shows that sugar was carried 2000 miles

to England, but the 1934 situation shows that, owing to changes in the location of the

sources, sugar was carried to England 6000 miles without the necessity of building 4000

extra miles of trackage.

Decreasing overseas traffic has coincided with decreasing ocean rates, and it is doubt-

ful if there will long continue the extraordinarily low value now being given by ocean-

going carriers.

On one route, prior to the depression years, a room and a bath cost .1^1400 and now
it costs only $440. That question of fares brings, also, another story.

A Scotchman took his wife and himself to London. Unfortunately, his wife died.

He went to the ticket clerk and said, "I want a return ticket for a corpse."

The ticket clerk said, "I'm sorry, sir, but we don't sell return tickets for corpses."

"Well," he said, "I want a return ticket for a corpse."

"It can only be two one-way fares."

"Surely you can give me a reduction."

So the ticket clerk said, "Why do you want a return ticket ?"

"Well," he said, "my wife died, and there are so many relatives in Scotland who

want to attend the funeral, it would be better and cheaper for me to take the corpse

up there and then bring it back here!"

One controversial steamship subject in which you will be interested is the size of

passenger liners, whether they should be of exceptionally large size and high speed or of

moderate size and moderate speed.

While a ship designer, in increasing the size of his units, does not need to worry, as

you do, as to the strength of bridges or track structures, he does need to concern him-

self with the ease of access to ports.

This year the waves of the Atlantic will experience for the first time the thrill of

holding a ship over 1000 feet in length, which is about the length of an average trans-

continental train. One ventures to suggest that the size of passenger liners will continue

to increase, and ultimately the dimensions will be governed only by the extent of the

facilities of the ports they serve, or the capacity of these great triumphs of the Engineer,

the Suez Canal and the Panama Canal.

As with railroad operators, steamship operators must visualize in the future possible

competition in the air. Recent airplane jumps of the 2400 miles between the Pacific

Coast and Honolulu are not to be ignored, nor is the fact that the long distance from

Australia to England was covered in seventy-two hours in 1934, whereas in 1919, only

fifteen years ago, a similar journey from England to .Australia occupied one month.

.Atmospheric conditions on the Atlantic still seem to be a handicap to air travel.

One- expert recently said that it takes nearly always three months to fly the .Atlantic, that

is, if you consider false starts, trial trips, waiting for full moons and other favorable

factors.
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Colonel Lindbergh's conclusion on his air journey in 1933 over the northern Atlantic

route, which is the shortest crossing, suggests that many physical and climatic conditions

are still to be overcome if there is success on the Atlantic. Colonel Lindbergh suggested

that, with efficient ground organizations, adequate wireless directional systems and ac-

curate weather reports, summer air travel was a possibility, but winter travel was still

in the long distance.

It may be that for the Atlantic a combination of high-speed steamships with high-

powered planes may serve best, and if this be so, then the wide stretch of smooth,

sheltered water in the Gulf of St. Lawrence may be a vital factor in accelerating the air

and ship transportation between Europe and this continent.

One other aspect of the international shipping industry will be of interest to you.

The word "fear" increasingly projects itself into our business, not fear on the part of

shipowners but fear on the part of political administrations that in the next interna-

tional conflict there wOl not be sufficient ships to convey troops or to act as naval

auxiliaries or to undertake normal trade intercourse in war. Hence, there has com-

menced in recent years a world race of expenditure by governments of the harassed

taxpayer's money to build merchant ships and to operate them with government financial

aid in peaceful trading, in competition with privately operated ships.

A lead has now been given by the present administration at Washington to try better

to regulate and to control shipping subsidies, and one ventures to express the hope that

foreign governments will hkewise see the wisdom of trying to control this unhealthy

situation created by unnecessary shipping subsidies.

With the urgency to watch trade conditions in the seven seas, a steamship official

is regularly in touch with world conditions. One may say that the overseas indications

of a return to better times are too widespread in location and too definite in character

to be ignored. The countries of the British Empire tend to lead in this forward march,

in the British Isles, in 1934 over 1933, the iron, steel and coal output increased. Con-

sumers' goods also increased. In Canada our foreign trade is literally bounding upwards.

Australia, the end of the last fiscal year, had an accumulated surplus of $24,000,000

despite tax reductions of $36,000,000. Thirty per cent more people visited Japan last

year than in 1933.

These pointers do not mean that depressed conditions are definitely in the rear,

but they do give an overseas indication of a return to better times.

These, ladies and gentlemen, are some comments from a steamship traffic officer's

point of view, and I hope they have been of interest to you (Applause).

The President:—Mr. Baird, the reception which your address has received wou'd

seem to make further words on my part unnecessary. However, in spite of the many

laughs, I noticed one gasp, which I believe is due to the fact that the railway engineer

does not always mean the same thing by the words that he uses as does the steamship

man. The gasp was created by your stating that the Empress of Britain made a trans-

Atlantic crossing in twelve days. That statement, I believe, is a correct one from the

steamship man's point of view. A trans-Atlantic crossing starts at the time the ship

leaves its initial port, continues while it is at its foreign port unloading its cargo, re-

conditioning itself, and reloading and ends upon its arrival at its initial port of departure.

Twelve days for a complete circuit of this kind is not quite the same thing as twelve

days for a crossing as understood by a railway man.
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I think that our departure from precedent !)> our endeavor to learn something of

ocean shipping, has been a very happy one, for which we are much indebted to you

Mr. Baird. Through your courtesy to-day we have learned things which we did not

previously know anything about at all.

I wish to extend to you the thanks of the American Railway Engineering Asso-

ciation for your kindness in coming to us to-day and lifting us for a few minutes out

of our daily routine. Thank you, Mr. Baird (Applause).
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Appendix A

(1) REVISION OF MANUAL
M. J. J. Harrison, Chairman, Sub-Committee; J. R. W. Ambrose, John E. Armstrong,

W. F. Cummings, E. H. Fritch, W. H. Giles, E. M. Hastings, W. J. Hedley, E. t.
Johnston, H. L. Ripley, H. M. Roeser, W. C. Sadler, E. E. R. Tratman.

Your Committee recommends the revision of two definitions now appearing in the

Manual, as follows:

Present Form Proposed Form
Terminal.—An assemblage of facilities pro- Terminal.—An assemblage of facilities pro-

vided by a railway at a terminus, or at vided by a railway at a terminus or at

intermediate points on its line, for the an intermediate point for the handling
purpose of receiving, sorting, classifying, of passengers or freight and the receiv-

assembling and dispatching trains. ing, classifying, assembling and dispatch-

ing of trains.

Yard.—A system of tracks within defined Yard.—A system of tracks within defined
limits provided for making up trains, limits, whether or not part of a terminal,

storing cars, and other purposes, over provided for making up trains, storing

which movements not authorized by time cars, and other purposes, over which
table or by train order may be made, movements not authorized by time table

subject to prescribed signals, rules and or by train order may be made, subject
regulations. to prescribed signals, rules and regula-

tions.

Your Committee further recommends the deletion of the diagram appearing on

page 961 of the Manual. This diagram bears no title, but represents a track layout for

a stub passenger station.

Appendix B

(2) GRAIN ELEVATOR STORAGE YARDS AND PLANT TRACKS

W. H. Giles, Chairman, Sub-Committee; Irving Anderson, W. O. Boessneck, N. C. L.
Brown, M. J. J. Harrison, E, M. Hastings, W. J. Hedley, W. H. Hobbs, Noah John-
son, E. K. Lawrence, L. L. Lyford, T. R. Ratcliff, C. U. Smith, E. E. R. Tratman,
H. L. Vandament.

As a part of its 1934 report, your Committee discussed in some detail its analysis

of replies received to a questionnaire which had been sent to 47 railways. The present

report consists essentially of a condensation of the 1934 report. It is offered with the

recommendation that it be approved as Manual material.

GRAIN ELEVATOR STORAGE YARDS AND PLANT TRACKS

Track facilities to serve large grain elevators involve special yard design. Coopera-

tion between the elevator engineer and the railway engineer is essential to the develop-

ment of a satisfactory plan.

The location of elevator site, type and capacity of elevator, topography and local

conditions will influence the arrangement of tracks.

When selecting the site consideration should be given to property values, possible

arrangement of connections to plant tracks, local railway operating conditions, and future

expansion of elevator plant and of existing railway facilities.

Proposed method of railway operation should be established and approved by the

elevator operating company and operating officials of the railway.



Yards and Terminals 67

GRAIN ELEVATORS—GENERAL TYPES

There are three general types of grain elevators, viz: (1) Rail to rail, (2) rail to

water, and (3)' water to rail. Specific plants may be combinations of these types.

ELEVATOR PLANT TRACKS

Loading and Unloading Tracks

The number and capacity of unloading tracks will depend upon the type, arrange-

ment and capacity of elevator unloading facihties, but may be limited, in some cases, by

the space available.

The car capacity of the tracks above and below the loading or unloading facilities

should be the same.

Where the car capacity of the unloading tracks on each side of the unloading facil-

ities is equal to the normal daily unloading capacity of the elevator plant during the

grain handling season, and where the car capacity of the loading tracks on each side of

the loading facilities is equal to the normal daily business handled, the plant switching

will be reduced to a minimum.

Double ended tracks will permit the continuous movement of cars in one direction

and facilitate switching.

Spur unloading tracks may necessitate switching cars through unloading shed and

over unloading facilities, requiring the use of idler cars. Locomotives should not be per-

mitted to enter the unloading shed.

Adverse gradients and curvature in tracks will limit the capacity of car haul and

should be avoided. An assisting gradient to and from the loading and unloading facil-

ities should be provided. A short run-off gradient below the unloading facilities will

speed up the movement of empty cars.

Where car unloaders are used, the track arrangement should provide for the relative

increased capacity of this device. A small plant locomotive or other special car handling

equipment should be considered in connection with car unloaders. Flexibility of track

layout in the vicinity of car unloader, to facilitate the operation of plant locomotive,

should be given special attention.

Loading tracks may be located on the same or opposite side of "workhou;e" from

unloading tracks.

Certain unloading tracks may be used for loading or to augment the capacity of the

loading tracks.

Some of the auxiliary buildings, such as storeroom and dust house, may be served

by the loading tracks.

Other Tracks

A running track, located outside of unloading shed, should be provided where double

ended tracks are installed.

A separate track should be provided to serve the power house.

Additional tracks for coopering cars prior to loading may be installed, if necessary.

STORAGE YARD

The use of a separate storage yard will require additional handling of cars; therefore

careful consideration should be given to the advisability of such a yard.

Where the elevator is located near an existing yard and sufficient capacity is avail-

able, or can be economically provided, a separate storage yard may not be required.
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A separate storage yard may be justified where it can be used to augment the exist-

ing yard during seasonal increases in business, or where the elevator is located some

distance from the main or an auxiliary yard.

The capacity of the loading and/or unloading tracks may influence the necessity for

a separate storage yard, as well as the capacity of such a yard.

Appendix C

(4) COORDINATION OF FACILITIES AT RAIL AND WATER TER-
MINALS, COLLABORATING WITH COMMITTEE XXV —
WATERWAYS AND HARBORS

W. C. Sadler, Chairman, Sub-Committee; J. R. W. Ambrose, Irving Anderson, C. J.
Astrue, Hadley Baldwin, H. M. Bassett, E. J. Beugler, W. O. Boessneck, W. F. Cum-
mings, R. B. Elsworth, R. J. Hammond, G. F. Hand, M. J. J. Harrison, W. H.
Hobbs, J. M. Hood, Noah Johnson, E. T. Johnston, E. K. Lawrence, C. P. McCaus-
land, C. H. Mottier, A. E. Owen, C. U. Smith, E. E. R. Tratman, H. L. Vandament.

Your Committee started its investigation of this subject in 1929. Questionnaires were

distributed to over 100 railways in the country. This questionnaire covered 162 items,

and was designed to determine the current practice in the construction and operation of

facilities at rail-water terminals. The subject was divided into the following parts:

I. General.

II. Ownership and Operation.
III. Slip Capacity and Maintenance.
IV. Open Storage.

V. Merchandise Piers.

VI. Coal Piers.

VII. Ore Docks.
VIII. Oil and Gasoline Docks.
IX. Car Ferry or Car Float Slips.

X. Other Docks.
XI. Warehouses.
XII. Grain Elevators.

XIII. Industrial Developments.
XIV. Rail Terminal Facilities.

XV. Roadways and Highways.

A total of 87 usable replies was received from the responding carriers. This report

is essentially limited to a resume of those replies. For the purpose of analysis, the data

were classified into public and private ownership, and into ocean, lake and river ports.

Reference is here made to the definitions on page 208, Vol. 23, A.R.E.A. Proceedings.

Ill—Channel and Slip

Of the 64 replies on ocean terminals, 61 reported channels 25 ft. or more in depth,

while the great majority (52 reports) were between 30 ft. and 35 ft. The lake ports

indicated that 17 out of the 19 reports had depths between 20 ft. and 24 ft., while the

4 reporting river terminals had minimum depths between 6 ft. and 10 ft. The marine

axiom that "ships will seek the cargo" implies that, irrespective of the depth of navigable

water, some ships will offer service. The more logical analysis requires a determination

of the economic depth applicable to the existing and future shipping requirements of the

port in question. This necessitates a detailed study of the routing of cargoes and ships

plying this trade, as well as of the cost of construction of the appropriate depths.

The reports of ocean terminals represented a great variation in the width of chan-

nels, the majority lying between 100 ft. and 1000 ft., with an average of about 450 ft.
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Both the lake and river ports average about 275 ft. However, the recommended channel

width for any particular port should be individual to that project, depending upon the

natural topography of the harbor and the economics of the development.

The majority of the reporting ocean terminals have an extreme variation of water

elevation less than 10 ft., with only a few IS ft. or more. The lake ports, in general,

report less than S ft., while flood conditions on the rivers result in variations—as high as

46 ft. at Memphis.

The work of dredging the channel is usually done by the Federal Government,

although in a few instances it is a function of the municipality or port authority. The

private carriers are responsible for only 2 per cent, while the States have practically no

responsibility in the matter. The maintenance of navigable depths in the slips is usually

left to the terminal owner. The work of dredging may be done by hydraulic, dipper,

ladder, clam-shell, or rotary machines, although the hydraulic and dipper types are de-

cidedly the more commonly used.

A berth-length of SOO ft. is the usual unit of capacity of a wharf. The reporting

carriers have an average wharf capacity of 6 berths, although the majority lie between

3 and S berths.

IV—Open Storage

Only about one-half of the reporting carriers used open storage in connection with

their terminal operations, and there are indications that some have provided for this

service and then abandoned it. Open storage is used essentially for ores and the various

types of construction materials, although 4 carriers reported the use of open storage for

coal, 1 for rosin, and 1 for general chemicals. Provision for open storage necessitates

consideration of the traffic density, classes of commodities, storage turnover, and the

characteristic of the peak load. The average of comparable reports indicates that 184

annual tons per foot of dock is used. Three sq. ft. of storage area per annual ton is

another average derived from these figures. Of course, these averages are dependent upon

varying local conditions.

Publicly owned terminals have provided more mechanical handling equipment than

those privately owned. Of the many different types of equipment available, the crane is

distinctly the most common. It represents 60 per cent of the installations, while the re-

maining 40 per cent is widely divided between various types of special machines. The

average crane capacity is about 25 tons.

While track scales are reported in over half of the terminals, still it is surprising

that a large number of the publicly owned terminals are without this facility.

V—Merchandise Piers

The reports indicate that over half of the wharf foundations are timber and concrete

piling. The remainder consist of fills supported by timber bulkheads and concrete walls.

The type of construction will, of necessity, depend upon many local conditions, and it is

distinctly inadvisable to recommend any generalized type of construction for any gen-

eralized class of development.

The questionnaire offers opportunity for study of the average relationship of length

to width of the various types of piers. This ratio runs from 1 to 33, and it is again

deemed inadvisable to attempt any generalized rule for the problem. The shape of the

pier is greatly dependent upon the property available.

The question of efficiency of the second story in the warehouse is quite similar to

the problem in normal freight house operation. The present survey indicates that a very

few two-story warehouses are in use, although the carriers reported them as being effi-
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cient. The warehouse building itself is generally of wood frame with sheet steel siding,

or a straight timber mill construction. It is interesting to note that quite a few of the

new structures are of reinforced concrete and structural steel.

While it would seem that the efficient width of a warehouse should be somewhat
fixed, there are so many local influences, such as types of commodities, density of traffic,

and available equipment, that generalization is somewhat difficult. The reports indi-

cated an average width of 115 ft. for the one-story warehouse, and 100 ft. for the two-

story building. No differentiation in widths can be made as a general function of the

commodities.

The matter of first-story floor loads has quite a range of variation, although the

great majority lie between 500 and 600 lb. per sq. ft. The second-story loads, in general,

lie between 125 and 250 lb. per sq. ft. The longitudinal and transverse spacing of posts

has as great a variation as there are reports. This is due to the different combinations

of loadings and types of construction. Efforts were made to analyze the problem from

the point of view of panel area. The average figure is 800 sq. ft. Economical spans are

entirely dependent upon loadings and class of construction, with the result that this

average panel area is of limited value.

Apron widths of piers average about 5 ft. if there are no tracks. One or two apron

tracks constitute the predominant design. There seems to be about equal distribution

between the surface and depressed type of track installation. Tracks are located as close

as 5.5 ft. to the edge of the pier, although the average set-back is 10.5 ft. The most

usual spacing for track centers is 13 ft. The use of cross-overs in apron tracks is pre-

dominant, although there are some rather long layouts without cross-overs.

The average headroom clearance of first-story construction is between 16 ft. and

18 ft., that of the second story being 14 ft. In those cases where there is two-story con-

struction, there seems to be about equal division as to whether there is platform loading

on the second story or not. Highway motor trucks are permitted within the warehouse

in a majority of cases, and provision is usually made for highway motor trucks on the

second-story floor where there are two stories.

A surprising situation is evident from the returns on the subject of mechanical

transfer equipment. Not over a quarter of the terminals utilize this type of equipment

for the movement of commodities, which fact would indicate a fertile field for equipment

studies.

The merchandise wharves are well protected with fire equipment. A substantial

number of the installations depend upon city fire lines, while the remainder have their

own fire systems or some form of chemical extinguishers. The appropriate fire-protec-

tion system should be augmented by fire-walls and doors.

VI—Coal Piers

The carriers reported 22 coal piers, with an average length of 1400 ft. and an aver-

age berth capacity of three ships. The pier is usually built 6 ft. above high water,

although there is an isolated case of 40 ft. above water level. The average layout is

designed for either 2 or 3 tracks. The slips average 130 ft. wide, with minimum depth

of 30 ft.

The loading equipment is some form of car dumper, while the unloader is a patented

machine with a large grab bucket. The average loading capacity is 1500 tons per hour.

Most of the trimming is done by hand, although there are cases of belt distributors and
electric elevators. The coal piers are essentially a private enterprise, and the publicly

owned installations are both much smaller and more poorly maintained.
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VII—Ore Docks

The public has left the development of ore docks exclusively to private industry.

The ocean terminals have an average length of 1200 ft., with accommodations for 3 boats,

while the lake terminals average 3600 ft. long, with accommodations for 10 boats. This

class of commerce is essentially adapted to lake shipments. The type of operation be-

tween loading and unloading is distinctly different, the unloading terminals being about

9 ft. above water level, while the large ore loading docks at the lake terminals are 75 ft.

above water. Both lake and ocean terminals average 5 tracks on the dock.

The width and depth of slips are about the same as those of general merchandise

slips. The unloading apparatus in lake territory usually consists of elevated hoppers and

chutes, while the ocean terminals depend upon some kind of crane. Mechanical trimming

is used on the lake terminals.

VIII—Oil and Gasoline Docks

Very few railways report the operation of oil and gasoline wharves. Petroleum

products are the usual commodities in this class, although there are some instances of

creosote and cocoanut oil.

The fire fighting equipment consists essentially of special apparatus designed for oil

fires. The methods of handling the oil are not fully described in the replies to the ques-

tionnaire, although pumping equipment is generally adapted to each installation.

A few reports indicate facilities for bunkering ships.

In general, the dock construction is timber.

IX—Car Ferry or Car Float Slips

IS of the 87 reports indicate facilities for car ferry service. The docks proper are

usually of pUe construction, with steel transfer bridges. The average time of unloading

one car is l.lS minutes, while the corresponding time of loading is 1.32 minutes.

X—Other Docks

A few terminals have dock facilities to handle those special commodities peculiar to

their location. No generalization can be made as to this class of structures and handling

equipment. The commodities may be heavy construction materials, as export lumber,

crates automobiles, cotton, or pig iron, all of which are handled in open storage areas.

XI—Warehouses

Warehouse facilities for cold and/or dry storage are provided at about one-third of

the terminals reported. The majority of these structures are one-story timber buildings,

although some are of fireproof construction. The warehouses at ocean and river ter-

minals are usually designed for a floor loading of 500 lb. per sq. ft., while those at lake

terminals use 300 lb. per sq. ft.

The floor areas reserved for aisles average about 20 per cent. The warehouses at

private terminals have 25 per cent, and those at public terminals have 15 per cent.

Vertical clearance averages about 15 ft. for the first floor, and 11 ft. for the second

floor.

Warehouses at private terminals have a storage capacity of between 5000 and 10,000

tons for normal dry storage, while the public terminals have double this amount. Appar-

ently very little service is offered in cold storage.

XII—Grain Elevators

Only about one-fourth of the terminals reported grain elevator facilities. The

storage capacity of the elevators varies considerably between the different reports. Pri-
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vate ocean terminals average 1,500,000 bushels; public ocean terminals, 1,000,000; private

lake terminals, 4,000,000; public lake terminals, 3,500,000. All of the reported installa-

tions were for transfer from rail to boat.

Mechanical handling equipment is very common in the majority of the grain ter-

minal facilities. The conveyor system is the most common method of loading. The

waterway dimensions are about the same as for other terminals.

XIII—Industrial Developments

Terminal property is available for lease as industrial sites in about half of the ter-

minals reported. The publicly owned terminals are much better equipped in this respect

than the private ones, although most reporting carriers indicated a willingness to con-

struct necessary structures for responsible lessee.

XIV—Rail Terminal Facilities

Railway service at rail-water terminals is apparently quite adequate. There are

generally three or four different railways serving each terminal, while belt lines are avail-

able in about one-third of the instances. The private terminals have a tendency to offer

larger and more convenient yards available for port service. The frog numbers at dif-

ferent terminals vary from 5 to 11, with the majority around 7.

XV—Roadways and Highways

The terminals, in general, are fairly well equipped with paved highways, although

the publicly owned ports have the more extensive systems. The width of the roadways

may be 18 ft. for two-way traffic, but 20 ft. is more satisfactory. It should be recalled

that, while the traffic is relatively slow, still the trucks are all of large size and occasion-

ally overloaded. Ample roadway must be allowed for the manipulation of motor vehicles.

State statutes limit the length of motor vehicle trains, the maximum lengths varying from

30 ft. to 85 ft., depending upon the jurisdiction. The rules governing maximum truck

loads vary through the different States, so that the structural design of pavements must

be determined by the local requirements at each terminal.

Appendix D

(5) SCALES USED IN RAILWAY SERVICE

H. H. Roeser, Chairman, Sub-Committee; John E. Armstrong, Hadley Baldwin, H. G.
Basquin, Alfred Bousfield, A. W. Epright, E. D. Gordon, M. J. J. Harrison, E. M.
Hastings, H. O. Hem, E. K. Lawrence, E. P. Vroome.

As a part of its 1934 report, your Committee recommended the deletion from the

Manual of the material appearing under the title "Specifications for the Manufacture and

Installation of Motor Truck, Built-in, Self-contained and Portable Scales for Railway

Service." Your Committee further submitted as information a somewhat different set of

specifications under the same title, with the recommendation that such material serve

ad interim the purpose of the material which it was recommended be deleted from the

Manual. Both of these recommendations were approved by the 1934 Convention.

During the past year, the Committee has critically reviewed the material which was

submitted as information in its 1934 report, and has agreed to recommend certain changes

therein. The revised material is herewith submitted, with the recommendation that it be

approved as Manual material.
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SPECIFICATIONS FOR THE MANUFACTURE AND INSTALLATION
OF MOTOR TRUCK, BUILT-IN, SELF-CONTAINED AND PORT-
ABLE SCALES FOR RAILWAY SERVICE

Introduction

Motor truck, built-in, self-contained and portable scales for railway service of the

kind known to the trade as knife-edge scales are covered by these specifications. The
application is basically to scales equipped with weigh-beams. For scales of the auto-

matic indicating and/or recording type, and with automatic indicating and/or recording

attachments, the specifications apply to all parts except the mechanism essential to the

automatic feature.

1. Information to be Supplied by Purchaser

To assure definiteness in handling proposals and acceptance of material when manu-
facturers or contractors are required to furnish scales, or are invited to offer bids to

furnish scales conforming to the specifications herein, the information indicated in the

schedule below must be supplied by the purchaser.

101. State the nominal capacity ot the scale and the size of platform.

102. If a motor truck scale, is a plain or registering weigh-beam required?

103. If a built-in scale, is a full-capacity weigh-beam required?

104. If a built-in or self-contained scale and a definite ratio is required at the

beam tip, state what it is. (See Section 1304.)

105. State the material of which the counterpoise weights are to be made. (See

Section 1314.)

106. For motor truck and built-in scales, state what material is required for the

platform.

107. If a motor truck scale, is the weigh-bridge to be furnished completely

fabricated ?

108. If a built-in scale, is the weigh-bridge, platform and coping material to be
furnished with the scale?

109. For motor truck and built-in scales, state special requirements, if any, for

clearance between the platform and weigh-beam.

110. What installation service, if any, is to be furnished by the firm supplying the

scale ?

2. Classes of Scales

201. The classes of scales covered by these specifications are the following:

(a)' Motor Truck Scales: A motor truck scale is one designed for the purpose

of weighing power-driven highway vehicles and trailers.

(b) Built-in Scales : A built-in scale is one of 10,000 or 20,000 pounds capacity,

marketed without the frame supporting and containing the main lever system, designed

to require preparation of a foundation on the premises where used.

(c) Self-contained Scales: A self-contained scale is one enclosed and sup-

ported by its own frame, marketed as a complete weighing unit and designed for use

in a permanent location.

(d) Portable Scales: A portable scale is one mounted on wheels or otherwise

designed for easy movement from place to place.

3. Capacities and Sizes

301. Definitions.

(a) Capacity: The capacity of a scale is the heaviest load that can be totally

applied to the platform without inducing stresses in any member in excess of those
specified in Section 5, the conditions of concentration of loading being those required

in Section 6.

(b) Nominal Capacity: The nominal capacity of a scale is the largest weight
indication obtainable by use of all the reading elements in combination, fractional

beams totaling two per cent or less of the remaining reading elements being neglected.
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(c) Size: The size of a scale is expressed by the dimensions of the platform
surface. In rectangular platforms, the first dimension given is that of the platform
edge nearest the beam.

302. Nominal Capacities and Sizes: The nominal capacities and sizes of
scales in the different classes covered by these specifications shall be as given in Tables
l-(a) and l-(b).

Table l-(a)

NOMINAL CAPACITIES AND SIZES OF MOTOR TRUCK SCALES FOR
RAILWAY SERVICE

Nominal Capacity Size

(pounds) (feet) Conditions governing selection

60,000 to 70,000 34 by 10 For weighing coupled vehicles.

40,000 to 60,000 22 by 9 Usual standard for weighing separate vehicles.

Special cases may be better suited by selection from the following nominal capaci-

ties and sizes.

60,000 24 by 10.

40,000 to 60,000 20 by 9, 20 by 10, 24 by 9, 24 by 10.

36,000 18 by 9.

24,000 16 by 8.

Table l-(b)

NOMINAL SIZES AND CAPACITIES OF BUILT-IN, SELF-CONTAINED AND
PORTABLE SCALES FOR RAILWAY SERVICE

Class of Scale Nominal Capacity Size

(pounds) (feet)

Built-in 10,000 6 by 5, 8 by 6, 9 by 7

20,000 8 by 6, 9 by 7

(inches)

Self-contained 2,500 46 by 38

4,000 48 by 48

10,000 72 by 54

Portable 1,000 18 by 27

2,000 25 by 32

(In Tables l-(a) and l-(b), the intent of the specifications is that minor varia-

tions from the nominal capacities and dimensions given for platform sizes are imma-
terial, and being otherwise in conformance with these specifications, the usually manu-
factured stock sizes are satisfactory.)

4, Plans

401. The purchaser shall, upon his request, be furnished written information show-
ing the material of which scales proposed to be furnished are made, and if any material

be not among those to which the safe stresses listed in Section 5 apply, the chemical and
physical properties must be given in sufficient detail to permit confident judgment of

the safe stresses or factors of safety used in design.

402. For motor truck and built-in scales, the purchaser shall be furnished assembly

plans showing the location and size of open holes for field connections and all informa-

tion necessary for the design and construction of the pit or all parts required and not

furnished with the scale. (See also Section 1701.) Upon request in the invitation for bids,

the purchaser shall be furnished drawings or descriptions in sufficient dunensional detail

to permit the customary design calculations for stresses and to allow adequate checking

of the design requirements for construction, finish and workmanship.

5. Working Stresses, and Formulas

501. In any scale loaded as required in Section 6, the following unit stresses shall

not be exceeded. The stresses given include a sufficient allowance for impact.
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Table 2

WORKING STRESSES IN POUNDS PER SQUARE INCH
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(Continued)

Steel For Live Loads
Structural and Lateral Forces For Dead Loads

Bearing, pins, steel parts in contact, and
shop driven rivets 18,000 36,000

Turned bolts and power driven field

rivets 15,000 30,000
Unfinished bolts and hand driven

rivets 12,000 24,000
Rollers (lb. per lin. in.), where d is

the roller diameter in inches 450 d 900 d

In proportioning rivets, nominal diameters shall be used.

The effective bearing area of a pin, bolt or rivet is the diameter of the member
multipUed by the thickness of the metal upon which the member bears.

In metal ^ in. thick and over, half the depth of countersink shall be omitted in

calculating bearing area. In metal less than Y^ in. thick, countersunk rivets shall not
be assumed to carry stress.

Timber (used only for flooring and spiking strips), see Sections 514 and 24.

502. Cast Iron (Semi-Steel and Alloy Castings): For materials intended or rep-

resented to be "high strength" alloys of cast iron, unit working stresses other than those

given in Table 2 may be used, provided these do not exceed one-sixth of the ultimate

strength established according to the test routine followed or prescribed by the American
Society for Testing Materials, and provided further, that the unit stresses for cast iron

containing not less than 20 per cent of steel (semi-steel)' shall not exceed 1.6 times the

values given in Table 2. In all instances the purchaser, if he requests, shall be furnished

with sufficient data to enable him to determine the physical properties of the particular

"high strength" material proposed to be used.

503. Knife-edge Bearing Stresses: The load per linear inch of knife-edge

shall not exceed 5000 pounds for high carbon steel and 6000 pounds for special alloy

pivot steel.

504. Concrete Bearing Stresses: The stress to be allowed for bearing on
concrete shall not exceed 300 pounds per square inch.

505. Projecting Pivots—Formula for Stresses: Where practicable, the

pivots shall be supported their full length by integral parts of the lever. Where im-
practicable so to support the pivots, external bending moments shall be determined as

follows:

Let M be the required bending moment in inch-pounds,
L, the length in inches of the moment arm,
W, the total lead in pounds on both ends of a pivot,

D, the length in inches of bearing in the loop,

T, the distance in inches between friction faces of the loop,

B, the width in inches of the boss or sustaining member enveloping the pivot

Then
L=.D/2+{T-B)-r%"

And
M= WL/2

506. Stringers, Floor Beams, and Floor Slabs: When loads are or may be
applied to the scale platform from any direction, the following principles of design
applicable to stringers, floor beams, and floor slabs shall be used. If, for any reason of
design or installation, traffic over the scale is constrained to follow within definite limits

a given direction, the stringer and floor beam sections, and the flooring may be calcu-

lated to conform to the established traffic conditions.

507. Shears and End Reactions in Stringers and Floor Beams: In cal-

culating end shears and end reactions in transverse floor beams and longitudinal beams
and stringers, no lateral or longitudinal distribution of the vertical concentrated live

loads shall be assumed.
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508. Bending Moment in Stringers : In calculating bending moments in

longitudinal beams or stringers, no longitudinal distribution of the loads shall be

assumed. The lateral distribution shall be determined as follows:

(a) Interior Stringers: Interior stringers shall be proportioned for loads de-

termined in accordance with the following table, except that when the limiting stringer

spacings are exceeded, the stringer loads shall be determined by the reactions of live

loads, assuming the flooring between stringers to act as a simple beam.

Fraction of Wheel Load Limiting Stringer

Kind of Floor to Each Stringer Spacing in Feet

Plank S/4.0 4.0

Strip 4 in. in thickness or wood block on
4-inch plank sub-floor S/4.5 4.5

Strip 6 in. or more in thickness S/5.0 5.0

Concrete S/6.0 6.0

5= spacing of stringers in feet.

(b) Outside Stringers: The live load supported by outside stringers shall be

the reaction of truck wheels, assuming the flooring to act as a simple beam between
stringers.

(c) Total Capacity of Stringers : The combined load capacity of the beams
in a panel shall not be less than the total live and dead load on the panel.

509. Bending Moment in Floor Beams: In calculating bending moments, no

transverse distribution of loads shall be applied.

If longitudinal stringers are omitted and the floor is supported directly on the floor

beams, the latter shall be proportioned for a fraction of the concentrated live loads as

indicated in Section 508- (a), substituting "floor beams" for "stringers", except that

when the limiting floor beam spacing is exceeded the floor beam loads shall be deter-

mined by the reactions of the loads, assuming the flooring between floor beams to act

as a simple beam.

510. Distribution of Wheel Loads on Concrete Slabs: Bending Moment:
In calculating bending stresses due to wheel loads on concrete slabs, no distribution in

the direction of the span of the slab shall be assumed. In the direction perpendicular

to the span of the slab, the wheel load shall be considered as distributed uniformly over

a width of slab which is termed the "effective width" and is obtained from the follow-

ing formulas in which

S is the span of slab in feet

W is the width of tire in feet

D is the distance in feet from the center of the near support to the center of

wheel, and
E is the "effective width" in feet for one wheel.

Case I—Main reinforcement parallel to direction of traffic:

E=:0.7 S -\- W, in which E shall have a maximum value of 7.0 feet.

When two wheels are so located on a transverse element of the slab that their ef-

fective widths overlap, the "effective width" for each wheel shall be J^ (£-|-C), in

which E is the value determined by the formula above and C is the distance between
centers of wheels.

Case II—Main reinforcement perpendicular to direction of traffic:

£ = 0.7 (2D + W).
For this case, the bending moment on a strip of slab one foot in width shall be

determined by placing the wheel loads in the position to produce the maximum bend-
ing, assuming no distribution; determining the effective width for each wheel; and
assuming the load of each wheel on the one-foot strip to be the wheel load divided by
its respective effective width.

The design assumption of Case II does not provide for the effect of loads near
unsupported edges. Therefore, at locations where the continuity of the slab is broken,
the edges of the slab shall be supported by diaphragms or other suitable means.
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511. Shear in Slabs: Slabs designed for bending moment in accordance with the

foregoing rules and for the wheel loads contemplated by these specifications may be
considered adequate for shear without special reinforcement.

512. Placing of Reinforcement: The minimum clear distance between parallel

bars shall be IJ^ times the diameter of round bars, or IJ/2 times the diagonal of square

bars. The maximum spacing shall be 2J^ times the slab thickness. Bars parallel to the

face of any member shall be imbedded a clear distance of not less than one inch from
the face.

513. Members Supporting Deck Overhang: In calculating bending mo-
ments, and shears and reactions in members supporting the flooring outside the main
girders, no lateral or longitudinal distribution of the vertical live loads shall be assumed.

514. Floor Plank: In motor truck and built-in scales, when plank is used for

platform covering, the thickness shall be not less than one-eighth the distance between
supports, provided that in no instance shall the thickness be less than three inches. In

motor truck scales, the width shall not be less than eight inches. Spiking sticks, if used,

shall be fastened in such manner as to prevent slipping of the scale deck.

515. Bearing Pressures: Soil and Rock: The bearing areas of the founda-
tion footings shall be such that the bearing pressure on the soil, under the worst con-

dition of loading, will not exceed

—

For fine sand or clay 4,000 lb. per sq. ft.

For coarse sand and gravel or hard clay 6,000 lb. per sq. ft.

For boulders or solid rock 20,000 lb. per sq. ft.

If the soil has not a safe bearing capacity equal to that of fine sand or clay, its

bearing capacity shall be increased by drainage, by adding a layer of gravel or broken
stone, or by driving piles.

516. Platform Overturning Moments: In all scales, when calculating mo-
ments tending to overturn or tip platforms, no distribution of vertical live loads shall

be assumed. (See Section 2401.)

6. Particulars of Loading
601. General: All parts of scales shall be proportioned for the following loads

and forces:

(a) Dead load.

(b) Live load.

(c) Impact, or dynamic effect of live load.

(d) Lateral forces.

(e) Longitudinal forces.

602. Dead Load:

(a) Unless provision is otherwise made in these specifications, the dead load shall

be considered in the design of scales. The dead load shall be considered as the weight
of all parts of the scale structure supported by the main lever load pivots and balanced
out for the zero beam reading.

(b) The unit weights in Table 3 shall be used in computing dead load.

Table 3

UNIT WEIGHTS OF MATERIAL FOR USE IN COMPUTING DEAD LOADS
Weight per

Material Cubic Foot

Steel—Use handbook values or 490
Cast Iron 450
Timber, treated or untreated 60
Concrete, plain or reinforced 150

Pavement, other than wood block 150

603. Live Load:
(a)' Motor Truck Scales: For the design of motor truck scales, the loading

shall be assumed to be the sequence of moving, concentrated loads listed in Table 4.
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Table 4

SCHEDULE OF LIVE LOADS FOR MOTOR TRUCK SCALES

(a) For scales of 24,000 lb. nominal capacity with 16' by 8' platform, 36,000 lb.

nominal capacity with 18' lay 9' platform, and 60,000 lb. nominal capacity with 24' by 10'

platform; one two-axle vehicle with wheelbase of 168 inches and wheels 72 inches

apart, center to center; gross weight of vehicle equal to nominal capacity of scale, 90 per

cent of which is assumed to be concentrated on rear axle and 50 per cent on one rear

wheel of vehicle.

(b) For all other sizes and capacities listed in Table I-(a)

:

Axle Load
(wheels spaced 72 in. apart, Distance center to center

center to center) of following axle

Axle (pounds) (inches)

1 6,000 168

2 16,000 40
3 16,000 100

4 16,000 40
5 16,000

The combined live and dead loads to be used in design of parts shall be as listed

in Table S (see also Section 604)

.

Table S

COMBINED LIVE AND DEAD LOADS TO BE USED IN THE DESIGN OF
MOTOR TRUCK SCALES

Note 1—These loads are to be used for the design of parts made of materials for

which the safe stresses are given in Section 5.

Note 2—The "corner load" is the maximum reaction at any main load pivot.

Note 3—-The "end load" is the maximum reaction at the two main load pivots at

the same end of the scale.

Note A—For definition of "nominal capacity", see Section 301-(b).

Nominal Platform Corner Ejid Total

Capacity Size Load Load Load
(lb.) (ft.) (lb.) (lb.) (lb.)

24,000 16 by 8 14,400 27,600 36,100

36,000 18 by 9 23,000 40,900 52,200

60,000 24 by 10 42,300 69,200 85,800

The values just given are for the special scales designed particularly for the two-

axled vehicle described in Table 4 under the subhead (a).

For other sizes and capacities and for conditions of loading not more severe than

those described in Table 4 under the subhead (b), the following values apply:

20 bv 9 25,700 47,800 83,100

20 by 10 27,900 48,900 84,900

22 by 9 27,600 50,500 85,100

24 by 9 29,100 53,800 87,100

24 by 10 31,500 55,100 89,800

34 by 10 38,500 68,300 107,400

(b) Built-in Scales: In built-in scales the design shall provide for two live

loads totaling the capacity of the scale, spaced apart equal to the shortest distance be-

tween two main lever load pivots, so located on the deck and so relatively proportioned

as to cause the greatest stress in the member being designed. The maximum value of

the greater of the two live loads shall be

L=i0.nW— 0.2SD

and the minimum
Lz=Q.SOW

wherein W is the scale capacity

D is the dead load.
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(c) Self-contained and Portable Scales: In self-contained and portable

scales, the design shall provide for a condition of live loading consisting of two equal

loads totaling the scale capacity, spaced apart equal to the diagonal distance between

main lever load pivots and so located as to cause greatest stress in the member being

designed. Except in instances where, for some special reason, the design includes dead

load features not regularly catalogued or comprised in the model of scale, the dead load

may be neglected.

604. Impact: In the design of scales covered by these specifications, when
stresses are used not greater than the "Working Stresses", Table 2, Section 5, herein, no

increase need be made to vertical live loads, or need any other allowance be considered

to provide for the effects commonly included under the general term "Impact".

605. Lateral Forces.

(a) Motor Truck and Built-in Scales: The platforms of motor truck and
built-in scales shall be designed for a lateral live load concentrated at the center of the

span, equal to 20 per cent of the capacity plus 100 lb. per foot of span.

(b) Self-contained and Portable Scales: In self-contained and portable

scales, provision shall be made for the effect of a lateral force of 1000 pounds and 500

pounds, respectively, acting in the plane of the deck and in a vertical plane through the

transverse center line.

606. Longitudinal Forces:

(a) Motor Truck and Built-in Scales: In motor truck and built-in scales,

provision shall be made for the effect of a longitudinal force of 10 per cent of the capacity

of the scale, acting in the plane of the platform and in a vertical plane through the

longitudinal center line.

(b) Self-contained and Portable Scales: In self-contained and portable

scales, provision shall be made for the effect of a longitudinal force of 1000 pounds and

500 pounds, respectively, acting in the plane of the platform and in a plane through the

longitudinal center line.

7. Scale Levers

701. Limitation of Type: Truss rods shall not be used in parts of the lever

system except to stiffen levers laterally, or to prevent whipping and vibration due to

impacting loads. Truss rods designed as parts of a lever structure to support vertically

applied loads will not be permitted.

702. Qualities of Castings: Cast pieces used for levers shall not be warped.

They shall be clean, smooth, uniform, and free from blisters, blowholes and shrinkage

cracks.

703. Machined Ways for Nose Irons: In motor truck scales, levers that are

to be equipped with nose irons shall have those portions of the lever ends receiving them
machined for the full distance over which the nose irons are to move.

704. Nose Iron Guides: The guides for all nose irons shall be such that when
one is moved for the purpose of adjustment, the pivot will be held parallel to its

original position.

705. Leveling Lugs: In motor truck scales and built-in scales of the straight

lever type, each lever shall be provided with leveling lugs for longitudinal alinement;

for torsion levers, leveling lugs shall be provided on the pipe or torsion member for

transverse alinement, and on the extension arm for longitudinal alinement. Each pair

of lugs shall be spaced 11 inches. The leveling surfaces of each pair of lugs shall be

finished to a common plane parallel to the plane through the knife-edges of the end pivots.

706. Marking of Levers: In motor truck scales, figures denoting the ratio of

each lever shall be cast or otherwise permanently marked on the lever.

8. Pivots and Bearings

801. Material: The material used for pivots and bearings in scales covered by
these specifications shall be either

—

(a) Special alloy pivot steel (S.A.E. No. 6195), hardened to Rockwell C scale

not less than 58, or

(b) Carbon steel (S.A.E. No. 1095), hardened to Rockwell C scale not less than 60.
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802. Design: In motor truck scales and built-in scales, all pivots shall be so

designed and manufactured that the included angle of the sides forming the knife-edge

will not exceed 90 degrees, and the offset of the knife-edge as referred to the center line

of the pivot will not exceed 10 per cent of the width of the pivot for "machined in"

pivots and IS per cent of the width of the pivot for "cast in" pivots.

803. Fastening: All pivots shall be firmly fastened in position without swedging

or caulking.

804. Continuous Contact: All pivots shall be so mounted as to secure equal

and continuous contact of the knife-edges with their respective bearings for the full

length of the parts designed to be in contact; in loop bearings, the knife-edges shall

project slightly beyond the bearings in the loops.

805. Position: In any lever, pivots shall be so mounted that

—

(a) Each knife-edge will be maintained in a horizontal plane under any load within

the capacity of the scale.

(b) A plane bisecting the angle of a knife-edge will be perpendicular to the plane

through the knife-edges of the end pivots.

(c) In motor truck and built-in scales, the actual distance between the end knife-

edges of any lever does not differ from the nominal distance by more than 1/64 inch

per foot.

806. Support for Projecting Pivots: The reinforcing on the levers to sup-

port projecting pivots shall be tapered off to prevent accumulation of dirt next to the

pivots and to provide proper clearances.

807. Design of Bearings: Bearings and the parts supporting or containing

them shall be so applied to the mechanism that permissible movement of the platform

will not displace the line of contact between any bearing and the opposing pivot.

808. Mounting of Bearing Steels: All bearing steels of the same nominal
dimensions or parts identification shall be interchangeable or mounted in interchange-

able bearing blocks. The interchangeable part shall be securely mounted in the part

containing it.

809. Finish of Bearing Steels: The bearing surfaces shall be brought to a

smooth, true and accurate finish to insure continuity of contact with opposing pivots.

9. Nose Irons

901. Design and Fastening: Nose irons shall be constructed so that they may
be fastened in proper position by means of U. S. Standard screws or bolts, or other
equally effective mechanical device.

(a) Design of Fastening: The device for clamping the nose irons in position

shall be of such design that indentations in the lever will not be made, and for motor
truck scales and built-in scales it shall be independent of any means provided for

adjustment.

(b) Direction of Fastening: The devices for fastening nose irons shall be so
designed that loads applied to the scale will not cause tension in the fastening bolts.

For motor truck and built-in scales, clamping devices shall hold nose irons against levers

in the same direction they would be forced by the load, and shall be such that any
nose iron will remain in place when the clamping device is released.

(c) Control of Nose Iron Movement: The movement of the nose irons shall

be controlled by means of adjusting screws of U. S. Standard size and thread. For
motor truck scales, these screws shall be made of non-corrosive material.

902. Marking of Position: The position of each nose iron as determined by
the factory adjustment shall be accurately, clearly and permanently indicated by a well-
defined mark on the lever and nose iron, which shall meet on a common line.

903. Finish and Pivot Mounting: Those surfaces of the nose iron intended to
come into slidable contact with the levers shall be made true so as to secure an accurate
fit of the nose irons on or in the levers. Each nose iron shall be of such design that
when adjustments are made the knife-edge will be held parallel to its original position.
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10. Loops and Connections

1001. Design Proportion: Loops which form bearings for projecting pivots

may be of any type, provided the clearance between the enclosed pivots and the body of

the loop is at least one-fourth inch.

1002. Length: All loops of like connections shall be of the same length.

1003. Vertical Adjustment: Means for vertical adjustment shall be provided
between the lever system and the beam, which will permit independent leveling of the

shelf lever when one is used. When no shelf lever is used, the connection to the beam
shall be adjustable. Screw adjustments shall be provided with lock nuts or equivalent

device.

11. Lever Fulcrum Stands

1101. Qualities of Castings: Castings for lever stands shall be clean, smooth,
uniform, and free from blisters, blowholes and shrinkage cracks.

1102. Position on Bases: The upright portion of any stand shall be so placed

on its base that the resultant line of forces applied through the bearing carried by the

stand falls within the middle third of the length and width of the base.

1103. Bases for Lever Stands: The base of any lever stand shall be smooth,
or shall be finished in any suitable manner true within a tolerance of 1/32 inch to a

plane perpendicular to a vertical line through the center of the knife-edge bearing carried

by the upright portion of the stand.

1104. Finish of Tops of Stands: The top of any lever stand for receiving a

bearing steel, cap or block shall be finished to a tolerance of 1/32 inch of a plane parallel

to the base.

1105. Anchor Bolt Holes: For built-in scales of the A-lever type, one anchor

bolt hole 1.5 inches in diameter shall be provided in the base of each stand. In all other

scales, two or more anchor bolt holes, l.S inches in diameter, shall be provided in the

base of each stand unless other equally effective means for anchorage is provided.

12. Checks

1201. Type: The weigh-bridges, or platforms, of all scales shall be equipped
with devices which effectively restrict motion in any horizontal direction, so designed

and constructed as to withstand adequately the horizontal forces prescribed in Sections

605 and 606. For motor truck and built-in scales, if checks of either the rod or bumper
type are used, they shall be adjustable.

13. Weigh-Beams and Accessories

1301. Capacity to be Marked: The capacity of the scale as defined in Section

301-(a) shall be explicitly and conspicuously marked on or near the beam.

1302. Requirement for Nominal Capacity: The nominal capacity as defined

in Section 3Ql-(b) shall not exceed the scale capacity.

1303. Type of Beam:
(a) Motor Truck Scales: Full-capacity beams shall be used with motor truck

scales. The arrangement may be such that the entire tare weight can be set up inde-

pendently of the main beam, or the beam bar used for the determination of the net

lading, provided (1) Tare beams or bars shall not be used with registering beams;
(2) the sum of the weights determinable on the tare weight and net weight or main
beams shall not conflict with the definitions and requirement in Sections 301 and 1302 ; and
(3) when tare beams are furnished, the graduations of the principal and fractional bars
shall comply with the specifications given for the main beam. (See Section 1306.)

(b) Other than Motor Truck Scales: At the option of the purchaser, a
full-capacity beam with tare weight bar, or double or single beam with counterpoise
weights shall be furnished with built-in, self-contained and portable scales.

1304. Ratio : A pivot and loop shall be provided at the beam tip. For other
than motor truck scales, the ratio at the beam tip pivot shall be

—

For built-in scales 500 or 1000
For self-contained scales 200 or 300
For portable scales 100



Yards and Terminals 83

For all scales, the ratio to the beam butt pivot shall be plainly and permanently

stamped on the beam.

1305. Poise Stop : In all scales, each beam bar shall be provided with a stop

to prevent movement of the beam poise back of the zero notch or graduation.

1306. Notches: On main beams the notches sTiall not be spaced closer than six

to the inch. Each notch shall be so made that when the pawl rests in it, a line projected

from the center of the side of the notch nearer the zero graduation to the axis about

which the pawl stem rotates will be perpendicular to that side of the notch.

(a) In motor truck scales, the value of each notch on the main beam shall be

1,000 pounds.

1307. Pawl or Latch: The tip of the pawl or latch shall be of the same width

as the notches of the beam and shall be rounded so that a small amount of foreign

material in the bottom of the notch will not prevent the poise from assuming its correct

position when the pawl is dropped in the notch.

1308. Projections or Recesses: Poises shall be designed with the object of

reducing to a minimum the number of projections and recesses that will retain foreign

material.

1309. Poise Bearings: Each poise shall be constructed to move along its beam
without side play. In full-capacity beams, the main poises shall be equipped with roller

or other form of frictionless bearing.

1310. Fractional Beams: The fractional poise on a full-capacity registering

beam shall be constructed to stop positively at each graduation and to prevent move-
ment beyond the last graduation. In motor truck scales, the last registration of the

fractional poise shall be 990 pounds, and in built-in and self-contained scales, 98 pounds
or 95 pounds.

1311. Operating Lever: On registering beams, a substantial type of hand grip

shall be provided to facilitate the registration of the weight. The natural operation of

the registering mechanism shall not cause lateral displacement of the beam.

1312. Receptacle for Weight Ticket: On registering beams, means shall be

provided to prevent placing the weight ticket in its receptacle in any position in which
a weight can be registered different from that represented by the poise setting.

1313. Balance Ball: For motor truck scales, the position of the balance ball

shall be vertically adjustable. Unless otherwise required by law or regulation, longi-

tudinal movement shall be controlled by means of a self-contained, hand-operated screw

or other device which will not require the ball to be rotated in making adjustments.

Means for locking the ball in position shall be provided.

1314. Poises and Counterpoise Weights:

(a) Material: Counterpoise weights and the exterior shell of poises shall be
made of non-corrosive alloys, steel, iron, brass, or any other metal or alloy of metals
not softer than brass. Poises shall have no metal softer than brass making contact with
the beam.

(b) Corrosion Protection: Weights made of corrosive material, such as cast

iron or steel, shall be protected from corrosion by the application of a durable chemical

coating.

(c) Surface and Form: Weights shall be smooth, without sharp points or

corners, and of such form that the minimum surface consistent with convenience of use

will be exposed to wear or corrosion.

(d) Adjusting Cavities: All cavities for adjusting material shall be formed in

the top or sides of counterpoise weights, and shall be of such form that the adjusting

material will be permanently and securely retained. The adjusting material shall not
project beyond the surface of the weight and, if in the top of the weight, the material

closing the cavity shall be not more than 0.04 inch below the surface.

(e) Movable Parts: All movable elements forming a part of a poise shall be
so constructed as not to be detachable without manifest mutilation of the poise. Set

screws, if used to secure a poise at any point on a beam, shall not be removable.

(f) Marking: All counterpoise weights shall be clearly marked with their nom-
inal weight, i.e., 1 lb., 2 lb., etc., and also with the value they represent when used upon
the scale for which they are intended.
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(g) Sealing: After the weights are adjusted to their proper value, all caps or

plugs closing adjusting cavities shall receive the impression of a seal, appropriate in

character or design, to attest the factory adjustment, if made at the factory of the

manufacturer; or, if readjusted elsewhere, the seal shall be such as to indicate where
the adjustment was made.

(h) Counterbalance Weights: If counterbalance weights are to be used, the

lower end of the hanger stem shall be threaded; a cup for the loose balancing material

shall be screwed to the lower end of the stem; and each additional weight shall be
provided with an elongated hole in the center through which the hanger stem may pass.

No slotted counterbalance weights are to be used. When no counterbalance weights are

necessary on top of the counterbalance cup, the cavity shall be closed by a cover secured

in a positive manner. No counterbalance weights shall be used in any place in the scale

except at the beam.

(i) Tolerances: The manufacturer's tolerances, or the tolerances to be allowed

on new counterpoise weights and the tolerances which shall apply on readjusting the

weights shall be no greater than the values in the following table.

Table 6

TOLERANCES ON NEW OR NEWLY ADJUSTED COUNTERPOISE WEIGHTS
FOR MULTIPLYING LEVER SCALES

(Avoirdupois System)
Ratio 100:1 and Ratio 1000:1

Weight less than 1000:1 and over

(pounds) (grains) (grains)

IS 8.0 4.0

10 8.0 4.0

8 6.0 3.0

S 6.0 3.0

4 4.0 2.0

3 4.0 2.0

2 3.0 1.5

1 2.0 1.0

(ounces)

10 2.0 LO
8 1.0 0.5

5 1.0 0.5

4 1.0 0.5

1315. Identification of Parts: A serial number shall be stamped on the front

of each complete beam.

1316. Type Figures: On type registering beams, type figures shall be made of

material sufficiently hard that, under the designed conditions of use, the figures will no*^

become battered or defaced. The figures shall be plain and raised sufficiently high to

insure a clear impression upon the weight ticket or tape. They shall be so attached that

they cannot become loosened or detached without a positive indication that the beam is

out of order.

1317. Beam Fulcrum Stands: The upright portion of any beam fulcrum stand

shall be so placed on the base that for any position of the beam in the normal weighing

operation the Hne of resultant force through the fulcrum knife-edge will pass through

the middle third of the length and width of the base.

(a)' Motor Truck Scales: For motor truck scales the beam shall not be sus-

pended. It shall be supported on a stand provided with compensating bearings.

1318. Trig Loops: Play of the Beam: The vertical movement of the beam
in the trig loop shall not be less than that given in Table 7.
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Table 7

MINIMUM VERTICAL MOTION OF WEIGH-BEAMS IN TRIG LOOPS

Length of Beam Minimum Vertical Motion
(Distance from fulcrum to trig loop) in Trig Loop
Under 12 inches 0.4 inch
Over 12 inches, including 20 inches 0.5 "

Over 20 inches, including 40 inches 0.7 "

Over 40 inches 0.9 "

1319. Beam Support: In all scales, the beam fulcrum stand shall be securely

fastened to a support sufficiently strong that deflection to an extent affecting the weigh-
ing performance cannot occur. If a wooden box is used for housing the weigh-beam,
the shelf supporting the beam shall be independent of the box.

14. Anti-Friction Points and Plates

1401. Anti-friction contacts shall be used to limit longitudinal displacement between
knife-edges or pivots and their bearings. They shall be smooth and so designed as to

provide contact at a point on the line of the knife-edge of pivots. For motor truck and
built-in scales they shall be of hardened steel.

15. Clearances

1501. The clearance around and between the fixed and live parts of the lever

system of motor truck scales shall be at least 54 in., and for built-in and self-contained

scales the clearance shall be not less than y^ in- The total clearance between anti-friction

points on levers and stands shall be not less than 1/16 in. nor greater than % in.

16. Factory Adjustments

1601. Levers: The design, workmanship and factory adjustment of the levers

and beam shall be such that the proper ratio of the lever arms will be maintained.

17. Interchangeability

1701. Like parts of all like motor truck and built-in scales of the same design and
manufacture shall be interchangeable unless otherwise herein specified. The scale draw-
ings and the parts of the scale shall be marked lo indicate the proper positions of the

parts in the scale.

18. Sensibility Reciprocal (SR)

1801. Definition: The sensibility reciprocal is the weight required to be added
to or removed from the scale platform to turn the beam from a position of equilibrium
in the center of the trig loop to a position of equilibrium at either limit of its travel.

19. Performance Requirements

1901. Tolerances: The tolerance on errors in excess or deficiency for motor
truck, built-in, self-contained and portable scales when tested upon the site of use and
before being accepted as satisfactory weighing machines, shall be 0.10 per cent of the

applied load consisting of test weights of known value; provided (1) the tolerance shall

not be less than one-half the minimal beam graduation on the scale being tested ; and
(2) a purchaser may by stipulation in the purchase order require scales on the same
condition of test to meet tolerances not less than one-half, respectively, of the tolerances

given above before accepting delivery.

1902. Sensibility Reciprocal: For the same classes of scales and the same con-
ditions of test stipulated in Section 1901, the sensibility reciprocal shall not exceed the

value of the minimal beam graduation.

20. Location and Elevation

2001. Location: Motor truck, built-in and self-contained scales shall be so
located that an adequate foundation and a straight approach in line with the scale

platform and of a length in excess of that of the longest vehicle to be weighed can be
provided.
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2002. Elevation: The scale platform shall be raised to such an elevation that

the drainage of surface water will be away from it and, unless space will not permit it,

the approaches shall be level, or nearly level, and paved for a length equal to that of

the scale platform.

21. Foundations

2101. Material: Scale foundations resting upon or extending into the ground

shall be constructed of concrete. (See Section 515.)

2102. Dimensions of Pit: For motor truck and built-in scales, the size of the

pit shall be such as to give a vertical clearance between the scale levers and the finished

floor of the pit of not less than 2 ft., and a horizontal clearance between the face of the

pit walls and the scale parts below the platform, or below the weigh-bridge girders, if

any, and above the bases of the stands, or not less than 4 in. for motor truck scales and

1.5 in. for built-in scales.

2103. Walls of Pit: The walls of the pit shall have a thickness at the top of not

less than 12 in. for motor truck scales, and not less than 8 in. for built-in scales.

2104. Waterproofing: When necessary, the pit shall be waterproofed.

2105. Wall Batter: All wall surfaces next to earth subject to freezing shall be
constructed with a uniform batter of not less than 1 in. to the foot and as much more
as necessary to permit the heaving of adjacent ground by frost action without disturbing

the walls.

2106. Pit Floors and Lever Stand Piers: The concrete piers supporting the

lever stands shall be not less than 9 in. deep, but shall in any case be carried to proper

foundation. Their tops shall be above the floor of the pit a distance sufficient to pre-

vent the accumulation of water under the bases of the stands. The floor of the pit may
be designed as a mat footing of concrete, or as a simple floor not less than 4 in. thick.

The pit floor shall, in all cases, be smooth, with a pitch to a common point of drainage,

and free from pockets in which water will stand.

2107. Anchor Bolts: Anchor bolts, not less than % in. in diameter, threaded

and with nuts and washers, shall be provided in the foundations for lever stands to match
the bolt holes provided for securing the stands, and they shall extend into the concrete

not less than 8 in.

2108. Anchorage for Floating Levers: A floating lever, that is, one exerting

an upward pull at its fulcrum, shall be anchored to the foundation to resist not less

than twice the upward pull produced at the fulcrum pivot by a capacity load on the

scale.

22. Scale Beam House or Box

2201. Scale Beam House or Box: When the scale is not located in a building,

the scale beam shall be adequately protected from the weather by being enclosed in a
house or box. When a scale is located in a building, it shall, when necessary, be simi-

larly protected from injury.

2202. Design: The minimum inside width of the scale house shall be 4 ft.,

and the minimum length shall be sufficient to allow the installation therein of the

beam shelf and beam. It shall be provided with windows of such size and location as

will give the weigher, when weighing, a clear and unobstructed view of the scale plat-

form and approaches. The windows shall be glazed with clear glass or clear wire glass.

If the beam is required to be boxed, the box shall be of such size as to suitably enclose

the beam shelf and beam. It shall be provided with a hinged door, or doors, of such
size and in such location as to give the weigher clear and unobstructed access to the beam.

2203. Clearance: A clearance of not less than 1 in. shall be provided between
the inside of the scale house and the beam supports and shelf. The clearance between
the edge of the platform and weighbeam pillar, beam box or scale house shall be suffi-

cient to permit the normal functions of weighing the widest loads required to be handled.

23. Installation

2301. Fastening of Stands: After alining the stands, the anchor bolt holes in

the castings shall be filled with cement, sulphur or other suitable material, and the
anchor bolt nuts brought down tight.
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2302. Alinement: All levers shall be level and connections plumb throughout

the scale.

24. Platforms

2401. Security Against Tipping: All scale platforms shall be proportioned so

that, for any possible application of the loads specified for different classes of scales in

Section 6, no tipping can occur. (See Section 516.)'

2402. Timber: In all scale platforms, timber shall not be used for floor beams,

stringers, or in any members, except floor covering, required to take shearing or com-

pressive stress perpendicular to the grain, or stress in transverse bending. Timber may
be used for floor covering and, as required, for spiking or fastening strips for the floor

covering. (See Sections 514 and 2409.)

2403. Weigh-Bridges: For motor truck and built-in scales, weigh-bridge gird-

ers, floor beams and stringers shall be made of steel conforming to American Railway

Engineering Association Specifications for Steel Highway Bridges, Sections II and III.

2404. Sections and Strength:

(a) Weigh-bridge members shall be designed in accordance with Sections XIV and

XV of the American Railway Engineering Association Specifications for Steel Highway
Bridges, except as the permissible working stresses and loading conditions are modified

by Sections 5 and 6 herein.

(b) Motor Truck Scales: In motor truck scale weigh-bridges, the section

moduli of main girders shall be as shown in Table 8. A representative method of fram-

ing each size weigh-bridge is also shown in the table.

Table 8

REPRESENTATIVE BILLS OF STEEL FOR WEIGH-BRIDGES FOR
MOTOR TRUCK SCALES

Note: The members listed in the following table have been calculated from the

loading assumptions given in Table 4, and on the basis of 12 in. side overhang outside

the center lines of main girders and 12 in. end overhang outside the centers of load bear-

ings. Variation from the sizes given may result if other conditions of side and end over-

hang are actually used.

Provision has been made for impact by using the working stresses given in Section 5.

The following values apply for plank floor of 4 in. nominal thickness

Number Weight Section

Member Mark reqd. Section per ft. Modulus Weight

20 ft. by 9 ft. platform.

Main Girder B-1 2 16" WF 45 72.4 1,800

Floor Beam B-2 5 10" WF 21 21.5 735

Inside Stringer B-3 2 6" I 12.5 7.3 500

Outside Bracket B-4 12 8" H 32.6 391

Outside Stringer C-1 2 S" C 11.5 8.1 460

Coping Steel 3" x 3" x ^" L 435

Total 4,321

20 ft. by 10 ft. platform.

Same sections as for 20 ft. by 9 ft. platform 4,411

22 ft. by 9 ft. platform.

Main Girder B-1 2 18" WF 47 82.3 2,088

Floor Beam B-2 5 10" WF 21 21.5 735

Inside Stringer B-3 2 6" I 12.5 7.3 550
Outside Bracket B-4 14 8" H 32.6 456
Outside Stringer C-1 2 8" C 11.5 8.1 506
Coping Steel 3" x 3" x Vg," L 465

Total 4,780
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The following values apply for plank floor of 4 in. nominal
thickness—Continued

Number Weight Section

Member Mark reqd. Section per jt. Modulus Weight

24 ft. by 9 ft. platform.

Main Girder B-1
Floor Beam B-2
Inside Stringer B-3
Outside Bracket B-4
Outside Stringer C-1
Coping Steel 3

Total 5,670

24 ft. by 10 ft. platform.

Same sections as for 24 ft. by 9 ft. platform 5,790

34 ft. by 10 ft. platform.

Main Girder B-1 2 24" WF 87 204.3 5,916

Floor Beam B-2 7 10" WF 21 21.5 1,176

Inside Stringer B-3 2 6" I 12.5 7.3 850
Outside Bracket B-4 20 8" H 32.6 652
Outside Stringer C-1 2 8" C 11.5 8.1 782
Coping Steel 3" x 3" x Y^" L 660

2 21" WF
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The following values apply for reinforced concrete platforms

(Class A concrete)—Continued

Number Weight Section

Member Mark reqd. Section per jt. Modulus Weight

22 ft. by 9 ft. platform.

Main Girder B-1 2 18" WF 47 82.3 2,088

Floor Beam B-2 5 10" WF 23 24.1 920

Edge Iron C-1 2 6" C 8.2 361

End Iron C-2 2 6" C 8.2 148

Coping Steel 3"x3"x)^"L 465

Reinforcing Steel

Longitudinal • 22 Yz" Rd 323

Lateral 122 ^" Rd 224

Tie Rods 3 ^" Rd 18

Total 4,547

24 ft. by 9 ft. platform.

Main Girder B-1 2 21" WF 59 119.3 2,832

Floor Beam B-2 5 10" WF 23 24.1 920

Edge Iron C-1 2 6" C 8.2 394

End Iron C^2 2 6" C 8.2 148

Coping Steel 3" x 3" x H" ^ 495

Reinforcing Steel

Longitudinal 22 ^" Rd 353

Lateral 132 ^" Rd 243

Tie Rods 3 J^" Rd 18

Total 5,403

24 ft. by 10 ft. platform.

Same sections as for 24 ft. by 9 ft. platform, except

End Iron C-2 2 6" C 8.2 164

Coping Steel 3"x3"x^"L 510

Reinforcing Steel

Longitudinal 25 ^" Rd 401

Lateral 132 H" Rd 265

Tie Rods 3 J^" Rd 20

Total 5,506

34 ft. by 10 ft. platform.

Main Girder B-1 2 24" WF 87 204.3 5,916

Floor Beam B-2 7 10" WF 23 24.1 1,288

Edge Iron C^l 2 6" C 8.2 558
End Iron C-2 2 6" C 8.2 164

Coping Steel 3" x 3" x ^" Z, 660

Reinforcing Steel

Longitudinal 25 J/^" Rd 568

Lateral 138 5^" Rd 376
Tie Rods 3 ^" Rd 20

Total 9,550
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2407. Platform Bearings: In motor truck scales and built-in scales, the tops

of platform bearings contacting the weigh-bridge girders shall be finished to within

1/32 inch of a true plane. These tops shall be provided with bolt holes of sufficiently

large diameter to allow for the transverse and longitudinal adjustment necessary to

secure proper alinement of parts.

2408. Deck: The deck or floor shall be designed so that, without exceeding the

permissible stresses, it will support and distribute the capacity load and incidental forces

when applied as described in Section 6, and so as to produce the maximum stress in any

part of the floor.

2409. Flooring: The flooring shall be of such material as will resist wear, will

under all weather conditions provide traction to power-driven vehicles, and which can

be waterproofed. If timber is used, its quality must be at least No. 1 Common dimen-

sion, treated with a preservative.

2410. Self-contained and Portable Scales: The platforms of self-contained

and portable scales shall be entirely of metal, or a metal frame with a hardwood center

panel, and shall be so designed that, without exceeding the permissible stresses, the loads

and forces prescribed in Section 6, when so applied as to produce maximum stress, can

be sustained.

25. Light, Drainage and Ventilation

2501. Light: Proper lighting of the scale weigh-beam and scale platform shall be

provided.

2502. Drainage: Adequate drainage for scale pits shall be provided and main-
tained.

2503. Ventilation: All scale pits shall be ventilated to meet the needs of each

particular case, the object being to minimize the amount of moisture in the air in the

pit and so to retard rusting of scale parts and structural steel.

26. Entrance to Scale Pit

2601. Location: For built-in scales, the entrance to the scale pit for inspection

purposes shall be through the platform of the scale, foundation wall, or the neck of the

scale pit, and shall be closed by a suitable door; for motor truck scales, the entrance to

the scale pit shall be through the foundation wall or neck of the pit.

27. Protection from Corrosion

2701. Shop Painting: When no shop inspection is provided, or after shop in-

spection when it is provided, all parts of the mechanism and structural steel of motor
truck and built-in scales shall be given one coat of red lead and linseed oil, and all

parts of the mechanism of self-contained and portable scales shall be given two coats,

and the inside of the platform and the frame one coat of paint. In riveted work, sur-

faces coming in contact shall be given one coat of red lead paint before being riveted

together. All parts of motor truck and built-in scales which are inaccessible after

erection shall be given a second shop coat of red lead paint.

2702. Field Painting: All parts of the scale mechanism and structural steel of

motor truck and built-in scales shall be cleaned and painted with one coat (and pref-
erably two coats) of approved paint in the field before installation.
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Appendix E

(9) NEW PROBLEMS INVOLVED IN CONNECTION WITH LOCA-
TION AND LAYOUT OF FREIGHT TERMINALS AS A RESULT
OF DEVELOPMENTS IN HANDLING FREIGHT BY MOTOR
TRUCKS, COLLABORATING WITH COMMITTEE XXI—ECO-
NOMICS OF RAILWAY OPERATION, AND WITH MOTOR
TRANSPORT DIVISION

W. J. Hedley, Chairman, Sub-Committee; J. R. W. Ambrose, Irving Anderson, C. J.
Astrue, Hadley Baldwin, H. M. Bassett, E. J. Beugler, H. F. Burch, W. F. Cum-
mings, R. J. Hammond, G. F. Hand, M. J. J. Harrison, E. M. Hastings, W. H.
Hobbs, J. M. Hood, C. H. Mottier, A. E. Owen, H. L. Ripley, E. E. R. Tratman.

Your Committee has made a thorough study of this subject and has reached the

following conclusions:

That the motor truck transportation industry is in an unstable condition;

That it suffers particularly from a wide diversity of ownership and operation among
a large number of small and medium-sized operators;

That there is a lack of uniformity in regulation and taxation in the various States;

That there is a trend toward greater standardization of equipment and toward more

complete regulation;

That some form of Federal regulation is expected in the near future;

That substantial changes in the motor truck transportation industry are expected to

follow changes in regulation;

That, in view of the foregoing conclusions, no recommendations for additions or

changes in present Manual material should be made at this time.

Your Committee recommends that the subject be discontinued.

Appendix F

(6) BIBLIOGRAPHY ON SUBJECTS PERTAINING TO YARDS AND
TERMINALS APPEARING IN CURRENT PERIODICALS

Compiled by E. E. R. Tratman

E. E. R. Tratman, Chairman, Sub-Committee; C. E. Armstrong, C. J. Astrue, H. G.
Basquin, H. M. Bassett, E. J. Beugler, N. C. L. Brown, A. W. Epright, E. H. Fritch,

M. J. J. Harrison, E. M. Hastings, H. O. Hem, L. L. Lyford, T. R. Ratcliff, H. L.

Ripley, W. B. Rudd, W. C. Sadler.

(A) PASSENGER STATIONS AND TERMINALS

Atlantic City—Union Station project—Engineering News-Record, 1932, November 3,

page 539 ; 1933, page 823—Railway Age, 1934, March 10, page 360.

Boston—Boston Elevated Railway—Engineering News-Record, 1932, November 3,

page 52 7.
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Buffalo—Proposed relocation of railways—Engineering News-Record, 1933, June 8,

page 762.

Camden—Pennsylvania R. R. and Reading R. R. combine stations—Engineering Newsr-

Record, 1933, June 22, page 823.

Chicago—Illinois Central R. R.; street railway viaduct built through terminal station

—

Engineering News-Record, 1933, November 23, page 626.

Chicago—LaSalle Street Terminal; flat roof replacing old arch truss roof—Railway Age,

1934, May 5, page 646—Engineering News-Record, 1934, September 20, page 363.

Chicago—Union Station project for lake front, to replace four old South-Side stations

—

Engineering News-Record, 1934, January 25, page 112; September 6, page 314

—

Railway Age, 1934, January 6—Report to City Council Committee on Railway Ter-

minals (published by the committee), December, 1933.

Chicago—Study of terminal conditions by Federal Coordinator—Railway Age, 1933,

November 11, page 700—Engineering News-Record, 1934, September 13, page 346.

Cincinnati—New Union Station—Engineering News-Record, 1933, November 2, page 524
-—Architectural Forum, 1933, June, page 453.

Cincinnati—Union Station ; signal and interlocking plant—Railway Signaling, 1933, June,

page 147; Railway Age, 1933, July 8, page 92.

Cleveland—Union Station; rentals and use—Railway Age, 1933, September 30, page 478.

East St. Louis—New Union Station project; railway relocation and elevation—Engineer-

ing News-Record, 1933, July 27, page 119.

Hamilton—Toronto, Hamilton & Buffalo Ry.—Railway Age, 1934, January 20, page 66—
Engineering News-Record, 1933, October 12, page 455.

Houston—Southern Pacific Ry —Houston Port Book, 1933, November, page 17—Engi-

neering News^Record, 1933, May 18, page 666.

Kansas City—Union Station; mail handling equipment—Railway Age, 1934, August 4,

page 136.

London—Modernising Paddington Station, Great Western Ry.—Railway Gazette (Lon-

don), 1933, September 8, page 345.

London, Ontario—Canadian National Rys.—Canadian Railway & Marine World, 1934,

September, page 377.

Los Angeles—New Union Station—Engineering News-Record, 1933, September 21 and
October 12, pages 263 and 452; 1934, February 8, page 191, and July 26, page 117—
Railway Age, 1934, August 11, page 184.

Louisville—Louisville & Nashville R. R.; station and track elevation—-Railway Age, 1933,

August 19, page 271.

Montreal—Situation as to terminal projects—Canadian Railway & Marine World, 1934,

September, page 387.

New York—Pennsylvania R. R. Station; air-right post office building over tracks—Rail-

way Age, 1933, September 2, page 342.

Oklahoma City—Atchison, Topeka & Santa Fe Ry.; new station and track elevation

—

Engineering News-Record, 1933, November 9, page 563; 1934, January 11, page 60

—

Railway Age, 1934, June 9, page 831.

Philadelphia—Pennsylvania R. R. ; new main line and suburban stations—Engineering

News-Record, 1934, February 8, page 191—Railway Age, 1933, December 16, page
862; mail facilities, 1934, July 28,' page 92.

Philadelphia—Pennsylvania R. R. ; Germantown Station—Railway Age, 1933, Novem-
ber 11, page 691.

St. Louis—Illinois Terminal Ry. ; terminal station, subway and elevated line—Engineering

News-Record, 1933, December 7, page 671—Transit Journal, 1934, May, page 149

—

Railway Signaling, 1933, November, page 295—Railway Age, 1933, October 14,

page 523.

Syracuse—New York Central R. R.; station and track elevation—Engineering News-
Record, 1934, February 8, page 191—Railway Age, 1934, April 21, page 570.

Toledo—Union Station project—-Engineering News-Record, 1933, September 21, page 363.

Whitehall—Delaware & Hudson R. R.; station and grade separation—Railway Age, 1934,

January 13, page 34.

Accidents and prevention ; at terminals—American Railway Superintendents Association,

Proceedings, 1934—Railway Age, 1934, July 7, page 8.

Coach Yard—Pennsylvania R. R., Philadelphia; design and lighting—Railway Age, 1934,

July 28, page 104.

Motor Coach Terminal—Railway Age, 1933, October 21, page 567.
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(B) FREIGHT STATIONS, TERMINALS AND YARDS

Albany—Grain elevator for new port—Construction Methods, 1933, February and March,
pages 12 and 26—Engineering News-Record, 1933, August 3, page 137.

Buffalo — Niagara Frontier Food Terminal— Architectural Record, 1933, November,
page 344.

East St. Louis—Mobile & Ohio Ry.; control of yard lead switch by yardmaster—Railway
Age, 1934, March 10, page 347.

New York—New York Central R. R.; west side terminal and viaduct—Engineering

News-Record, 1933, August 17, page 209; 1934, February 8, page 192—Railway Age,

1934, June 23 and 30, pages 908 and 944.

New York—Pennsylvania R. R. produce terminal; timber piers with fire stops—Engi-

neering News^Record, 1934, May 24, page 668.

Philadelphia—Pennsylvania R. R.; Germantown freight station—Railway Age, 1933,

November 11, page 691. .

Philadelphia—Reading R. R.; coal pier with new type of deck—Railway Age, 1933,

July 8, page 82.

St. Louis—Illinois Terminal R. R.; station and facilities—Engineering Newsi-Record,

1933, December 7, page 671—Railway Age, 1933, October 14, page 523—Railway
Signaling, 1933, May, page 113.

Syracuse—New York Central R. R.—Engineering News-Record, 1934, February 8, page

191—Railway Age, 1934, April 21, page 570.

Accidents and safety organization at terminals—American Railway Superintendents' Asso-

ciation, Proceedings, 1934—Railway Age, 1934, July 7, page 8.

Air-rights buildings; conveyance of title—A.R.E.A., Proceedings, 1934, page 320—New
York; Railway Age, 1933, September 2, page 342.

Cars, small, for short-haul business—A.R.E.A., Proceedings, 1934, page 469.

Car retarders—Railway Age, 1933, July 1, page 52—Power, 1929, October 29, page 670;

1930, February 11, page 204.

Car retarders—Eastern Railway of France; Rabourdin system; pressure varies auto-

matically with speed and weight of cars—International Railway Association Con-
gress, Bulletin, 1933, June, page 607.

Car retarders—economic value—Signal Section, American Railway Association, Proceed-

ings, 1934, Vol. 31, No. 1, page 23.

Car retarders—hydraulic; Rabourdin System, French State Railways—Rail Gazette

(London), 1934, February 2, page 183.

Car retarders—repair service; New York, New Haven & Hartford R. R.—Railway Sig-

naling, 1933, December, page 329.

Containers—English use, 1830-1933—Railway Gazette (London), 1933, October 13, pages
529, 541; 1934, August 31, page 347.

Containers—refrigerated service—Railway Gazette (London), 1934, May 25, July 6 and
August 31, pages 22, 945 and 352.

Containers—review of system—Mechanical Engineering, 1933, March, page 152—Railway
Age, 1933, November 25, page 751.

Conveyors—in floor of freight houses; London, Midland & Scottish Ry.—Railway Gazette
(London), 1933, November 3, pages 640, 649.

Coordination of terminals—eliminating unnecessary competitive facilities—Engineering
News-Record, 1933, February 23, page 262; 1934, January 25, pages 118 and 122;
September 13, page 346; Civil Engineering, 1934, March, page 139—Railway Age,
1934, March 31, page 478.

Development of freight terminals—Railway Age, 1933, July 1, page 46.

Door-to-door service—Railway Age, 1933, March 25, page 452; October 7, pages 495 and
507; November 4, 11 and 25, pages 651, 685, 765 and 772; December 2 and 23, pages
800 and 888; 1934, January 20, pages 71 and 78; July 28, page 119—A.R.E.A.,
Proceedings, 1934, page 551.

Door-to-door service—Boston & Maine R. R.—Railway Age, 1933, July 22, page 160;
September 23, page 441.

Door-to-door service—English practice—Railway Age, 1933, August 26, page 315.

Door-to-door service—Pennsylvania R. R.—Railway Age, 1933, October 7, pages 495 and
507; November 4, page 674; 1934, July 14, page 47.

Expediting cars through terminals—Railway Age, 1934, June 23, page 917—A.R.E.A.,
Proceedings, 1934, page 466.
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Express terminal—French State Railways; at Rouen—Railway Gazette (London), 1934;

August 17, page 273.

Freight houses—design for door-to-door service—A.R.E.A., Proceedings, 1934, page 551.

Freight terminals—problems—Railway Age, 1933, October 28, page 616.

Freight yards—classification yards—Railway Age, 1933, July 1, page 47—Engineermg
News, 1913, September 18, page 540; December 18, page 1220.

Freight yards—design—A.R.E.A., Proceedings, 1934, page 420—Railway Age, 1933, Octo-

ber 28, page 616.

Freight yards—effect of long and heavy trains on switching performance—A.R.E.A., Pro-

ceedings, 1934, page 904.

Freight yards—expediting car and train movements—A.R.E.A., Proceedings, 1934, pages

335 and 466—Railway Signaling, 1933, May, page 113—Signal Section, American

Railway Association, Proceedings, 1934, Vol. 31, No. 2.

Freight yards—grain elevator yard layouts—A.R.E .A., Proceedings, 1934, page 434.

Freight yards—hump yards; graphical design of gradients—A.R.E.A., Proceedings, 1934,

page 441.

Freight yards—hump yards; French State Railways, at Trappes; wilh hydraulic retard-

ers—Railway Gazette (London), 1934, February 2, page 183.

Grain elevators—Albany ; with suspended roof—Engineering News-Record, 1933, August

3, page 137—Construction Methods, 1933, February and March, pages 12-15 and

26-29.

Grain elevators—alternative designs—Engineering News-Record, 1934, July 19, page 77.

Grain elevators—railway-owned; pooling proposed—Railway Age, 1934, September 8,

page 282.

Grain elevators—yard and track layouts—A.R.E.A., Proceedings, 1934, page 434.

L.C.L. Freight—cost, handling and modernisation—Railway Age, 1934, March 31, page

479; April 7, page 9—American Railway Superintendents Association, Proceedings,

1934.

Motor truck service by railroads—Railway Age, 1933, September 23, page 439; 1934,

April 28, pages 619 and 621; May 26, pages 782 and 785.

Platforms—height at freight houses and warehouses—Society of Terminal Engineers, 1934

—Refrigerating Engineering, 1934, Mav, page 258.

Produce terminal—Buffalo—Architectural Record, 1933, November, page 244.

Produce terminal—Pennsylvania R. R.; New York—Engineering News-Record, 1934,

May 24, page 668.

Railway and road transportation—federal control—Engineering News-Record, 1934, Jan-

uary 18 and 25, February 8, March 15, pages 89, 122, 168 and 364; July 5, page 21.

Scales—motor truck; specifications—A.R.E.A., Proceedings, 1934, page 447.

Scales—track ; master scales; Norfolk & Western Ry.—Railway Age, 1933, October 7,

page 493.

Scales—track ; methods and rules for testing—A.R.E.A., Proceedings, 1934, pages 421 and

429—Railway Age, 1934, July 14, page 36.

Snow—clearing yards and terminals—A.R.E.A., Proceedings, 1934, pages 375 and 486.

Switches—control from engine cab—Railway Signaling, 1933, December; 1934, January

and Februarv.
Switches—control by yardmaster; Mobile & Ohio Ry.; East St Louis—Railway Age,

1934, March 10, page 347.

Switches—split ; economics of—Railway Signaling, 1933, July, page 193—Signal Section,

American Railway Association, Proceedings, 1934, Vol. 31, Nos. 1 and 2.

Switching charges—industrial—Railway Age, 1934, May 26, page 770.

Switching locomotives—oil and oil-electric engines—Railway Age, 1933, November 4, page

663; 1934, June 30, page 964; August 18, pages 199 and 208; September 15, page

319—Canadian Railway and Marine World, 1934, August, page 335—Railway
Mechanical Engineer, 1934, September.

(C) RAIL-AND-WATER TERMINALS

Albany—Shipping Register and World Ports, 1934, January 13, pages 12 and 26—Engi-
neering News-Record, 1933, August 3, page 137.

Baltimore—Pennsylvania R. R.; new piers—Engineering News-Record, 1933, June 22,

page 821.

Cherbourg—new pier and rail facilities

—

The Engineer (London), 1934, August 10, 17

and 24.
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Halifax—reconstruction of pier shed—Engineering News-Record, 1934, May 3, page 570,

Havre—new docks and railway terminal stations—Engineering News-Record, 1934, May
24, page 681

;
June 14, page 768.

Hoboken—car-handling crane for car ferry—Marine Engineering, 1933, September, page

326; October, page 368.

Houston—railway shipping facilities—Houston Port Book (Houston Port Commission),
1934, May, page 23—World Ports, 1932, June, page 535.

Los Angeles—pier and transit shed, with rail facilities—Engineering News-Record, 1933,

March 9, page 305.

Mississippi River Ports—Civil Engineering, 1934, March, page 124.

Muskegon—car ferry landing, bus terminal, pier and concrete warehouse—Muskegon
Chronicle (special edition), 1933, November 2—Engineering News-Record, 1933,

June 22, page 822.

Newburyport—proposed ship terminal and industrial district—Engineering News-Record,
1934, July 26, page 127.

New York—Port Authority exempt from tax—Engineering News-Record, 1934, June 28,

page 852.

New York—new steamship piers, 1100 by 125 ft.—Civil Engineering, 1933, October, page
550—Engineering News-Record, 1933, August 3, page 123.

New York—Pennsylvania R. R.; produce terminal piers with iron fire stops—Engineer-
ing News-Record, 1934, May 24, page 668—Railway Age, 1933, December 2, page 785.

Newport News—Chesapeake & Ohio Ry.; coal pier with sprinklers to avoid dust—Engi-
neering News-Record, 1933, November 30, page 667.

Oakland—train and ferry terminal—Engineering News-Record, 1933, June 1, page 725.

Oswego—Shipping Register and World Ports, 1934, January 13, pages 12 and 26.

Philadelphia—Reading R. R. ; new type of pier deck—Railway Age, 1933, July 8, page 82.

Quebec—port and harbor—Canadian Railway and Marine World, 1934, July, page 322.

St. John—pier, grain elevator and tracks—Engineering News-Record, 1934, February IS,

page 219.

Vancouver—port and facilities—Canadian Railway and Marine World, 1934, August,
page 364.

Car Ferries—China; Nankin-Pukow, on the Yangtse River; with adjustable approach
bridge—Railway Gazette (London), 1933, December IS, page 887—Journal of the

Association of Chinese and American Engineers, 1934, January, Vol. IS, No. 1.

Car Ferries—Dover-Dunkirk (England-France); Southern Ry.; closed docks for ter-

minals—Engineering News-Record, 1934, July 12, page 43—Railway Gazette (Lon-
don), 1934, August 3, page 200—Marine Review, 1934, July, page 26.

Car Ferries—Muskegon-Milwaukee; with dock and landing—Muskegon Chronicle (spe-

cial issue), 1933, November 2.

Car Ferries—New York-Havana-New Orleans—Marine Engineering, 1933, September,
page 326; October, page 368; 1934, September, page 326.

Car Ferries—Nova Scotia and Cape Breton; Canadian National Rys.—Engineering Jour-
nal (Canada), 1931, January, page 3.

Car Ferries—Scandinavian; for railway connections—Railway Gazette (London), 1934,

July 13, page 69.

Cargo handhng—Marine Engineering, 1934, February, page 67.

Coal and Ore Docks and Piers—A.R.E.A., Proceedings, 1934, page 688—Railway Gazette
(London), 1934, March 16, page 479.

Control of Competition—Houston Port Book (Houston Port Commission), 1933, Novem-
ber, page 7—Institute of Transport (London), 1934, January (paper by Frank
Brown)'—Engineering News-Record, 1934, July 5, page 17—Civil Engineering, 1934,
January, page 12.

Free-Port Zones—Shipping Register and World Ports, 1934, August, page 25.

Piers—deck construction—Railway Engineering and Maintenance, 1934, April, page 209
—Railway Age, 1933, July 8, page 82.

Piers—fender designs—Engineering News-Record, 1934, August 9, page 166—A.R.E.A.,

Proceedings, 1934, page 683.

Piers—fire protection—World Ports, 1932, page 77—Railway Age, 1933, July 8, page 82.

Port Management—public and private— (see Control of Competition).

Railway Connections and Belt Lines—World Ports, 1932, June, page 535.

Self-Unloading Ships—service on the Great Lakes—Marine Review, 1932, April; 1933,

October; 1934, August.



Yards and Terminals ^

(D; COAL H.\NDLIXG AT PORTS*

1

—

Lake Ports

Ashtabula—Pennsylvania R. R.; McMyler car dumper—Engineering News, 1894, Sep-

tember 13, page 216; 1911, May 18, page 592.

Bufialo—Delaware, Lackawanna & Western R. R.; grades at car dumper—Engineering

News-Record, 1920, July 29, page 208.

Buffalo—Donner Union Coke Co.; car dumper and coal conveyor—Engineering Newsr-

Record, 1922, March 9, page 407.

Chicago—from ship to storage and cai=; Brown system; Coxe Brothers & Co.—Engineer-

ing News, 1897, Februar>' 11, page 82.

Detroit—Detroit Edison Co.; coal from ship to storage dock and by drag scraper to cars

—Power, 1931. November 3, page 536.

Detroit—Detroit Water Works ; crane with grab unloads ship ; belt conveyor to stock pile

—Engineering News-Record, 1933, July 5, page 10.

Dollar Bay—Tamarack Mining Co.; bucket unloads coal from ship to cars or storage

—

Engineering Nev/s, 1897, December 30, page 422.

Duluth—Boston Coal Dock & ^Miarf Co.; grab bucket on coal-handlmg bridge spanning

stock yard and tracks—Engineering News, 1906, August 2, page 118.

Duluth—Northwestern Fuel Co.; plant similar to preceding item—Engineering News-
Record, 1922, January- 19, page 112. (see also Superior).

Duluth—Zenith Furnace Co.; plant similar to preceding items—Iron Age, 1928, October

18. page 969.

Gladstone—M. St. P. & S. S. ^L Ry.; coal unloading and conveying machines; Hunt
system—Engineering News, 1897, Februar>- 4, page 69.

Hamilton—coal storage dock and unloading bridges—Canadian Engineer, 1929, Septem-
ber 17, page 401—Shipping Register and World Ports. 1934, September 8, page 88.

Lake Ports—car dumpers load buckets on cars; cranes lower buckets into ship's hold;

BrouTi system—Engineering News, 1894, September 13, page 216; 1897, October 7,

page 237.

Lorain—Baltimore & Ohio R. R.; car dumper and conveyor; McMyler system—Engi-
neering News, 1905, April 20, page 410.

Michipicoten—coal storage dock—Canadian Engineer. 1930, July 29, page 181.

Milwaukee—Milwaukee Electric Ry. & Light Co.; grab buckets unload boats; conveyor
to self-unloading barge on river—Engineering News-Record, 1917, September 13,

page 511.

Presqu' Isle—car dumper plants; New York Central R. R. and Chesapeake & Ohio Ry.

—

Engineering News-Record, 1929. October 24. page 673—Railway Age, 1931, Decem-
ber 5, page 855—Electric Journal. 1931, April, page 201.

Sandusky—Peimsylvania R. R.; car dumper to chute to ship—Engineering News, 1915,

March 11, page 465—Engineering News-Record, 1925, December 3. page 907.

Superior—Berwind-White Mining Co.; grab buckets on traveling bridge unload ships

and dehver coal to Dodge storage system—Engineering News, 1908, June 18, page 655.

Superior—Lehigh Valley Coal Co.; plant similar to preceding item—Engineering News,
1898, August 18. page 99.

Superior—Northwestern Coal Co.; coal unloading dock, with storage and delivery- to

cars—Engineering News, 1894, March 15, page 218—Civil Engineering Society of

St. Paul, Proceedings, 1894—coal-handlin2 bridge blown over bj' wind—Engineering
News. 1914, July 2, page 49. Csee also Duluth).

Toledo—Chesapeake & Ohio Ry.; coal pier with car dumper—Railway .^ge, 1931, Decem-
ber 5, page 855.

Toledo—New York Central R. R. ; coal dock and car dumper plant—Engineering News-
Record, 1926. October 28, page 706; 1930, July 17, page 100—Railway Age, 1930,

November 29, page 1165—Civil Engineering, 1930, November, page 99; December,
pages 206 and 207; 1931, Januar>-, page 428; March, page 547—Canadian Engineer,

1930, November—The Engineer (London), 1926, October 29.

• Section "D" of this bibliography was prepared in connection with the study made by the Com-
mittee in connection with its current assignment N'o. 8. report on which is expected to be completed
and submitted to the 1936 Convention. In the meantime, it was deemed advisable to make the infor-
mation contained herein available to the membership.

Reference is also made to Proceedings, Vol. 35, page 693.
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Toledo—Baltimore & Ohio R. R. (then C. H. & D.) ; car dumping plant—Engineering
News, 1915, September 9, page 520.

Toledo—Toledo Railway & Light Co.; boats unloaded by grab buckets on gantry cranes

—Engineering News, 1908, September 17, page 313.

Self-Unloading Ships on the Great Lakes—Marine Review, 1932, April; 1933, October;

1934, August.

2

—

River Ports

Buckeye River Tipple—loading barges on wide range of water level—Coal Age, 1933,

July, page 226.

Cincinnati—World Ports, 1930, March, page 684—Engineering News-Record, 1926,

August 26, page 334.

Colona—Pittsburgh & Lake Erie R. R. ; coal shipping plant on Ohio River—Railway Age,

1932, December 7, page 909.

East St. Louis—^Terminal Railroad Association; hopper cars dump through trestle to

12-ton transfer car on incline and dumping into barge—Engineering News, 1916,

March 2, page 416.

Holt, Ala.—from barge to storage by crane with grab bucket—Power, 1925, June ll,

page 976.

St. Louis—handling coal in gondola cars with car dumper—Iron Age, 1924, January 24,

page 305—Iron Trade Review, 1924, January 24—Gas Age, 1924, January 24.

Wierton—Wierton Steel Co.; loading coal to Ohio River barges—Coal Mine Manage-
ment, 1928, May, page 68.

3

—

Tidewater Ports

Astoria—Astoria Heat, Light & Power Co., on Long Island, New York; cars dump to

track hopper; conveyor to storage and coke ovens—Engineering News, 1907, July 11,

page 34.

Ayr—coal shipping plant; Scotland—Mechanical Handling, 1933, January.
Baltimore—Baltimore & Ohio R. R. ; Curtis Bay ; car dumper to belt conveyors—Engi-

neering News, 1915, October 11, page 743; 1916, April 6," page 656—Engineering
News-Record, 1917, August 16, page 292; 1920, August 26, page 412—General Elec-

tric Review, 1919, May, page 352.

Baltimore—Pennsylvania R. R.; Canton Pier; car dumper to cable transfer cars and belt

conveyors—Engineering News, 1916, March 2, page 399—Engineering News^Record,
1917, August 16, page 292; 1920, July 29, pages 208 and 209.

Baltimore—Western Maryland Ry.—Railway Age, 1928, June 2, page 1268—Electric

Journal, 1923, September, page 329.

Baltimore—loading coal into ships—Iron Age, 1927, December 27, page 1157.

Boston—Boston & Maine R. R.; Mystic Wharf; unloading from ship to car or storage

—

Railway Review, 1926, January 23, page 205; March 20, page 579—Railway Age,
1927, March 12, page 885—Boston Society of Engineers, Journal, 1930, January.

British Ports—Institute of Fuel (London), 1934 (paper by D. E. Cameron, Docks Me-
chanical Engineer, Great Western Ry.) ; coal handling by car dumpers, containers,

conveyors, cranes, grab buckets, and anti-breakage devices—Railway Gazette (Lon-
don), 1934, March 16, page 479.

Canada—Intercolonial Ry.; coal shipped from elevated bins, as at ore docks—Engineer-
ing News, 1895, August 8, page 90; August 29, page 138.

Cardiff—Great Western Ry. (England) ; loading ships at Roath Dock—Mechanical
Handling, 1932, March, April and August.

Caronte, France—coal and ore handling plant—Cassier's Magazine, 1929, March and April.

Dover, England—ship loading plant—The Engineer (London), 1932, September 2.

EUesmere Port, England—coal handling plant—The Engineer (London), 1929, August 2.

Genoa—revolving unloader cranes on gantries—Shipping Register & World Ports, 1934,

September 8, page 107.

Glasgow—anti-breakage loading device—Mechanical Handling, 1933, January.
Gothenburg—discharging coal from ships—The Engineer (London), 1933, July 21

—

Engineering (London), 1933, July 23—Mechanical Handling, 1933, August.
Howndon, England—Northumberland Dock coal-loading plant—Engineering (London),

1932, December 30—The Engineer (London), 1932, December 23—Mechanical
Handling, 1933, February.

Japan—railway coal pier—Steel, 1931, November 23.
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Jersey City—Central R. R. of New Jersey; two car dumpers and 100-ton pans with

telescopic chutes; conveyor for bunkering tugs—Engineering News-Record, 1920.

April IS, page 759; July 29, page 208.

Liverpool—use of anti-breakage appliances—Mechanical Handling, 1933, December.
Louisburg—Dominion Coal Co.; coal from cars to conveyors and chutes to ships—Engi-

neering News, 1902, November 20, page 428.

New York—Consolidated Gas Co. and New York Edison Co.; coal-handling bridges

unload vessels and feed conveyors to storage—Iron Age, 1927, April 7, page 998;

July 7, page 14.

New York—Perry Coal Co.; grab bucket on unloading tower feeds storage bins—Engi-
neering News, 1916, April 20, page 736.

New York—New York Railways Co.; grab bucket on boom feeds coal to conveyor to

bunkers of power stations—Engineering News, 1912, May 23, page 975.

New York—New York Rapid Transit Ry.; belt conveyors from ship or barge to storage

—Engineering News, 1904, January 14, page 41.

New York—harbor plant; canal boats to storage; Hunt system—Engineering News, 1901,

December 19, page 478.

Newport News—Chesapeake & Ohio Ry.; coal shipping pier—Manufacturers Recorfl,

1932, March 10, page 22—Engineering News-Record, 1933, November 30, page 667

Norfolk—Norfolk & Western Ry.; Lambert's Point; car dumper and transfer car on pier

to ship—Engineering News, 1914, April 13, page 892—Engineering News-Record,

1920, July 29, page 209—Civil Engineering, 1930, December, pages 206 and 207.

Norfolk—Virginian Ry. ; Sewall's Point; double car dumper to buckets on transfer cars

on pier and belt conveyors to ships—Engineering News-Record, 1918, December 12,

page 1086; 1924, September 18, page 452—Railway Age, 1928, June 2, page 1268—
Electric Journal, 1923, September, page 329—Railway Electric Engineer, 1925,

August, page 244—Iron Age, 1925, August 12, page 405—Manufacturer's Record,

1925, November 1, page 359—Railway Review, 1918, November 23; 1924, March
IS, page 487.

Oakland and Port Costa—Southern Pacific Ry.; ships unloaded by traveling revolving

cranes with grab buckets—Engineering News, 1896, December 17, page 405—Asso-

ciation of Engineering Societies, Journal, 1896 and 1897.

Pensacola—St. Louis-San Francisco Ry.; car dumper feeds belt conveyor on coaling pier

Engineering News-Record, 1929, August 1, page 169—Port and Terminal, 1928, April,

page 7.

Perth Amboy—Lehigh Valley R. R.; grades at car dumper—Engineering News-Record,
1920, July 29, pages 208 and 209.

Philadelphia—Pennsylvania R. R.; coal pier with car dumpers—Engineering News-
Record, 1920, July 29, page 209—World Ports, 1931, pages 1167, 1229 and 1235.

Philadelphia—Reading R. R.; coal pier with new type of deck—Railway Age, 1933, July

8, page 82—Engineering News, 1895, August 8, page 90; August 29, page 138—Coal
Age, 1926, February 18, page 273.

Philadelphia—Philadelphia Water Works; cars dump to track hopper with elevating con-

veyors to overhead bunkers in power house—Engineering News-Record, 1919, June
S, page 1095.

Port Clarence, England—coal conveying plant—Engineering (London), 1925, January 9.

Port Kemble—handling coal at docks—Engineering & Mining Journal, 1926, December 25.

Port Reading—Reading R. R.—Railway Age, 1928, February 18, page 399—Engineering

News-Record, 1920, July 29, page 209—Engineering News, 1895, August 8, page 90;

August 29, page 138.

Port Talbot, Wales—Great Western Ry.; coal shipping plant—Engineering (London),

1926, August 6 and December 24.

Rotterdam—coal loading bridge—Brown-Eoveri Review, 1932, September and October.

San Francisco—portable unloader towers in harbor handle coal from ships to cars and
wagons—Engineering News-Record, 1923, April 12, page 676.

United States Navy Yards—coal handling at New London, Frenchman's Bay, New York
and Panama—Engineering News, 1900, January 18, page 39; 1902, July 24, page 58;

1904, July 21, page 68; 1915, August 5, page 254.

Workington, England—electrical coal loading plant—Engineering (London), 1928, July 20.

Speed and Economy in Shipping Coal at Ports—Colliery Engineer, 1926, January to

April; 1932, February 19.
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4

—

Coal Barges and Ships

Coal barges—Germany; mechanical loading—Engineering News-Record, 1924, August 21,

page 300.

Coal barges—loading by Wierton Steel Co.—Coal Mine Management, 1928, May.
Coal barges—steel; for Fox River—Engineering News-Record, 1926, July 8, page S9.

Fueling barges—coaling ships in harbor—Engineering News-Record, 1919, June 12, page
1171; 1921, October 13, page 603; 1931, October 19, pages 456 and 473—Engineering
News, 1896, January 23, page 54—Coal Trade Review, 1923, August 24—Industrial

Management (London), 1923, November 29.

Fueling barges—serving power house on Milwaukee River—Engineering News-Record,
1917, September 13, page 511.

Self-Unloading Steamers—on the Great Lakes and in sea service—Marine Review, 1932,
April; 1933, October; 1934, August—Marine Engineering, 1925, February, page 103;
1931, February, pages 52 and 57—World Ports, 1932, March, page 375—Engineering
News, 1911, October 19, pages 456 and 473; November 16, page 602—Shipbuilding
and Shipping Record, 1928, October 4—The Engineer (London), 1931, January 30

—

Cassier's Magazine, 1920, August 26, page 412.

Trimmers in ships' holds—Engineering News-Record, 1920, August 26, page 412.

5

—

Coal Handling and Storage

Aerial Transport with Traveling Tower—Engineering (London), 1930, May 16.

Alternating Current Devices in Coal Handling—General Electric Review, 1931, February,
April, May and August, pages 104, 260, 316 and 490.

Anti-Breakage Devices—Cassier's Magazine, 1929, July—Colliery Guardian, 1929, April
26—Industrial Management, 1929, July—Mechanical Handling, 1931, May; 1933,
November and December; 1934, January—Engineering (London), 1933, August 18
—Railway Gazette (London), 1933, June 16; 1934, March 16, page 479—Engineering
News, 1894, March 22, page 239—Institute of Fuel (London), 1934 (paper by D. E.
Cameron, Docks Mechanical Engineer, Great Western Ry.).

Bulk Coal Handling at Piers—Electric Journal, 1924, June.
Bunkering Coal—Engineering News, 1896, January 23, page 54; 1901, June 20, page 445

•—Engineering News-Record, 1920, April 15, page 759; July 29, page 208— (see also

under Barges and Ships).

Cantilever Cranes—Brown's coal-handling equipment; invention and development—Engi-
neering News, 1911, May 18, page 610.

Car Dumpers; British Types—Institute of Fuel (London), 1934 (paper by D. E. Cam-
eron, Docks Mechanical Engineer, Great Western Ry.).

Car Dumpers—for gondola cars; St. Louis—Iron Age, 1924, January 24—Iron Trade
Review, 1924, January 24—Gas Age, 1924, January 24.

Car Dumpers—cable-operated; East St. Louis—Engineering News-Record, 1923, June 21,

page 1105.

Car Dumpers—Ruhr ports, Germ.any—Engineering News-Record, 1924, August 21,

page 300.

Car Dumpers—Engineering News-Record, 1922, March 9, page 407. (see also under pre-
ceding names of ports)

.

Car Loaders—Engineering News, 1892, January 9, page 44; 1901, August IS, page 108;
1905, August 3, page 119—Engineering News-Record, 1918, May 23, page 1105;
1922, January 19, page 113—Mechanical Handling, 1930, June.

Car Retarders—at coal storage plants—Power, 1929, October 29, page 670; 1930, Febru-
ary 11, page 204.

Car Unloaders—Iron Trade Review, 1927, November 10—Cassier's Industrial Manage-
ment, 1928, September—Coal Engineering, 1931, August 14—Engineering (London),
1931, August 14.

Car Thawing Plants—Engineering News-Record, 1918, January 31, page 213; 1920, April

15, page 759.

Coal Breaker—Delaware & Hudson R. R.; track layout and grades—Engineering News-
Record, 1918, May 23, page 1003

Coal Classification Yards—Pennsylvania R. R.—Engineering News, 1913, September 18,

page 540; December 18, page 1220.

Coal Handling Bridges—rope trolley system—Canadian Engineer, 1932, April 12.
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Coal Handling Bridges—handling 600 tons per hour—Steel, 1931, December 21—Blast
Furnaces and Steel Plants, 1932, January.

Coal Handling Bridges—wind effects; measurement and protection—Engineering News-
Record, 1927, February 17, page 280—Engineering Journal, 1926, October—Engi-
neering News, 1914, July 2, page 49.

Coal Docks and Piers—design and equipment; with list of 19 piers—Engineering News,

1903, March 19, page 259; 1904, March 17, page 265; 1916, July 27, page 169—
A.R.E.A., Proceedings, 1903 and 1904; 1932, page 240; 1934, page 688.

Coal Dock and Transportation System—Mining Congress Journal, 1931, October.

Coal Piers—^grades and vertical curves for tracks—Engineering News-Record, 1920, April

IS, page 759; July 29, page 208.

Coal Piers—modern practice in handling bulk coal—Electric Journal, 1924, June, page 260.

Containers—in England and German ports—Engineering News-Record, 1924, August 1,

page 300—RaUway Gazette (London), 1934, March 16, page 479—Institute of Fuel

(London), 1934 (paper by D. E. Cameron, Docks Mechanical Engineer, Great

Western Ry.)

.

Cost of Coal Transfer—Freight Handling and Terminal Engineering, 1920, July, page 256.

Maintenance and Obsolescence of Equipment—Gas Age, 1933, April 8.

Moving Coal Cheaply from Dock to Car—Power, 1931, November 6, page 636.

Overhead Railway from Beach to Plant—Gas Age, 1932, July 16.

Ship to Shore Bins—Marine Review, 1928, May.
Speed of Handling by Hunt System—Engineering News, 1903, October 8, page 316.

Storage and Handling—Gas Age, 1927, October 1—Power Plant Engineering, 1930, De-
cember IS; 1932, January 1.

Storage—deterioration of coal—Engineering News, 1912, Januarj'^ 11, page 64.

Storage—Erie R. R. plant at East Buffalo—Engineering News, 1906, December 6, page 590.

Storage—mechanical plants—Engineering News, 1907, August 29, page 215; 1908, Feb-
ruary 13, page 165; March 5, page 259—Black Diamond, 1923, March 17—Power,
1929, October 29, page 670; 1930, February 11, page 204.

Storage—Syracuse Lighting Co. power station; coal from cars by conveyor to bunkers
and storage yard—Engineering News, 190S, October 19, page 397.

Storage under Water—Engineering News, 1906, July S, page 17; August 23, page 203;

1910, August 18, page 179; 1912, January 11, page 64; 1913, September 11, page 527

—Engineering News-Record, 1918, May 9, page 914—Power, 1925, June 23, page

976; 1929, April 9, page 603; October 29, page 672.

Tipple—Buckeye River; loading barges at various stages of water level—Coal Age, 1933,

July.

Tipple—Norfolk & Western Ry. ; Dunlow, W. Va.; mine to car—Engineering News, 1892,

November 3, page 414.

Tipple—Island Creek Coal Co.; Holden, W. Va.; loading cars at 12 places on four tracks

—Coal Age, 1934, April, page 121.

Tipple—Pikeville, Tenn.; coal loaded gently to restrict breakage—Engineering News,
1894, March 22, page 239—Engineering Association of the South, Proceedings, 1894.

Tipple—Sturgis, Ky.; coal from mine to car—Engineering News, 1913, June 26, page 1316.

Tipple—traveling, with screen—Iron Age, 1928, October 18, page 969—Iron Trade Re-
view, 1928, October 11.

Tipple—track layout at Virginia mine—Coal Age, 1934, August, page 305.

Tipple—Whitwell, Tenn.; cable incline from mine to railroad—Engineering News, 1894,

February 22, page 163.
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To the American Railway Engineering Association:

Your Committee respectfully reports on the following subjects:

(1) Revision of Manual (Appendix A).

(2) Welding equipment installations as applied to Shops and Locomotive Terminals.

Progress in study. No report.

(3) General reclamation plants, collaborating with Purchases and Stores Division

(Appendix B). Complete with recommended conclusions for publication in the Manual.

(4) Power Plants. Progress in study. No report.

(5) Car wheel shops. Progress in study. No report.

(6) Car Paint Shops (a) Freight (b)' Passenger (Appendix C). Complete with

recommended conclusions for publication in the Manual.

The Committee on Shops and Locomotive Terminals,

J. M. Metcalf, Chairman.

Appendix A

(1) REVISION OF MANUAL

L. P. Kimball, Chairman, Sub-Committee; J. M. Metcalf, J. S. McBride, A. T. Hawk.

ENGINE HOUSE DESIGN

(Rearrangement of matter now in Manual under titles Engine House Design

and Ventilation of Engine Houses)

Form
(a) The circular form under ordinary conditions is preferable.

(b) Special conditions may render a rectangular house desirable, such as restricted

location, small number of engines handled, greater ease of providing "Y" than turntable,

etc.

(c) At shops where a transfer table is used, a rectangular engine house served by

the transfer table may be desirable.

Turntable

(a) Use of a three-point turntable is preferable where long locomotives are to be

handled. If balanced type table is used, it should be long enough to balance the loco-

motive when tender is empty. In some cases the life of old balanced type turntables

may be extended and economy effected by converting them to the three-point bearing

type.

Bulletin 370, October, 1934.
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(b) A deck turntable is usually more economical, but in the balanced type a

through table may be desirable where use of a deck structure would greatly increase the

cost or make satisfactory drainage difficult.

(c)' Where modern locomotives are to be turned, mechanical power for operating

turntables should be provided. Where current is available, electricity is the most reliable

means of operating a turntable. The power wires may be led to the table either over-

head or underground. In either type care should be taken to see that installation is

made so as to minimize the danger of interruption in case of fire, storm, inadequate

drainage or other emergency. Where electric power is not available, a compressed air

motor may be used.

(d) The deck of the turntable should be wide enough to provide a walk on each

side, and should be protected with hand rails.

(e) The turntable pit should be paved and adequately drained.

(f) The circle wall should preferably be concrete masonry with proper supports

and fastenings for rails on the coping. A timber or steel coping is preferable to a rigid

concrete masonry coping.

(g) The circle rail should preferably be supported on concrete base with load

properly distributed by ties, plates or castings.

(h) Easy access to the parts of a turntable for the oiling of bearings, painting and

inspection should be provided in the design of the pit, unless ample provision is made
in the turntable itself.

(i) Thorough lubrication, systematic cleaning of both table and pit, and careful

inspection at regular intervals are essential to satisfactory operation of a turntable. The

table should be raised and center thoroughly inspected at least once a year.

(j) Radial tracks should be kept in good line and surface. Radial track and turn-

table rails should be maintained with proper spacing between their ends and at proper

relative elevation.

Door Openings

The clear opening of entrance doors should be not less than 13 feet in width and

17 feet in height.

Doors

Doors should be of a material not subject to corrosion. They should be easily oper-

ated, fit snugly and be easily repaired and maintained. They should be so designed as

to readily admit the use of small doors where required.

Tracks

(a) Lead tracks to the turntable should line up with tracks of the engine house

or opposite radial tracks.

(b)' Engine house tracks should be on a level grade and should be provided with

stop blocks or stop pits.

(c) Special fastenings of the track rails at the circle wall and on the turntable are

desirable to prevent movement of the rails, to give good bearing, maintain gage and

to lessen the damage from derailed wheels.

Position of Locomotive

In a circular house the locomotive should stand normally with the tender toward

the turntable.
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Length of House

The length of stall along center line of track should be at least 20 feet greater than

the overall length of the locomotive and tender to provide trucking space of 10 feet in

width in front of the pilot and space in which to detach the tender and provide a walk-

way between it and the engine without opening the door.

Materials

(a) The materials used in construction of the house' should be non-corrosive, unless

proper care be taken to prevent corrosion.

(b) The additional security against interruption to traffic from fire warrants serious

consideration of the use of a fireproof roof or at least of slow burning construction.

Walls

(a) The engine house should be divided into units of approximately 10 stalls by

use of fire walls.

(b) The portions of the outer wall directly in line of the tracks should be so con-

structed as to be easily replaced or repaired when damaged.

Floors

The floors should be of substantial construction and sloped so as to afford proper

drainage.

Engine Pits

Engine pits should extend from a point 10 feet from the inner circle columns to a

point 13 feet from the inner face of the outer circle wall. They should have a clear

width of not less than 3 feet 9 inches, and a minimum depth below base of rail of 2 feet

6 inches, increasing with the slope of the floor of the pit to at least 3 feet. The floor

of the pit should be convex and top of walls should be of such width as to provide proper

jacking space, usually about 3 feet. Where direct heating is used, the pit walls may be

recessed for radiation. For long pits, drainage may be provided at both ends of pit with

high point in middle.

Drop Pits

(a) The number and type of drop pits depends on the purpose for which the par-

ticular house is used and the class of power handled.

(b) Ordinarily, a drop pit should be provided for driving wheels and supplemented

as required by drop pits for engine truck, trailer, and tender wheels.

(c) At points where considerable work is performed on the wheels, the use of a

drop table or unwheeling hoist should be considered.

Cross-Section of House

As modern engine houses have stalls generally 100 feet or more in depth, at least

one break should be made in roof and if desirable complete monitor may be installed.

Such breaks or monitors should be provided with pivoted sash or a combination of

pivoted sash and fixed louvres, depending upon climate.

Framing

Roof framing should be such that the rafters directly supporting the sheathing or

other roof surface are in radial lines and without pockets so as to permit the free passage

of smoke to eaves. Ventilators should be provided at the high point of the roof.
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Smoke Jacks

Smoke removal from locomotives under fire in engine houses is generally accom-

plished by means of fixed smoke jacks as hereinafter described but in some cases, to

comply with smoke abatement laws or for other reasons, special flexible jacks for direct

connection between the locomotive stack and mechanical system of smoke removal are

used. In engine house equipped for "direct steaming" (see pages 964 to 971 of Volume 31,

1930 Proceedings)' smoke jacks are usually unnecessary but it may be found desirable

to provide them over a few stalls to permit the housing of locomotives under fire when
required.

Smoke jacks should be of the fixed type, the bottom opening not less than 42"

wide and long enough (preferably not less than 12 feet) to receive smoke from the

locomotive stack at its limiting positions, due to the shifting of locomotives so as to bring

driving wheels and side rods into proper position for repair and also to avoid unneces-

sarily close spotting of locomotive. The bottom of the jack should be as low as the

locomotives to be handled in the house will allow, usually 16'6" at ends and IS'6" at

sides above top of rail. The slope upward to the flue should be uniform. The cross-

section area of the flue should be not less than seven square feet. An annular space two

inches in width should be provided around the flue for engine house ventilation. Jacks

should be constructed of non-combustible and non-corrosive materials.

Where the engine house is without a turntable it may be desirable to have a smoke

jack located at each end of each engine space.

Windows

(a) The disadvantages of skylights are so much greater than their advantages as

to make them undesirable.

(b) Windows in the outer walls should be made as large as practicable with the

largest glass or light area consistent with the strength of the structure. These windows

should be provided, as far as practicable, with a continuous row of pivoted sash along

the tops of windows. In general, the lower sill should be not more than 4 feet from the

floor, and space between window frames and columns or pilasters and girders only that

necessary to secure the window frames.

(c) Windows in doors where provided should be glazed with wire glass.

(d) Window frames and sash should be of material not subject to corrosion.

Heating

(a) Heating should be concentrated at the pits.

(b) The general temperature of the house should be kept between SO and 60 de-

grees Fahr.

(c) The recommended method for heating larger houses is by hot air driven by
fans through permanent ducts located under the floors where practicable. The outlets

should be located in the pits and fitted with dampers to shut off the heat when necessary.

Temperature of the hot air at the pits should be 130 to ISO degrees Fahr. The fan and

distributing system should have a capacity for changing the air from three to four times

an hour. The fresh air should be taken from outside the building. The fan intake

should be so designed as to permit the use of all fresh air, afl inside air, or part fresh

and part inside air. A certain amount of recirculation, depending entirely on conditions,

is permissable, particularly when the doors stand open for any length of time.

(d)' In a small house, or in a larger house in some climates, analysis may show
the direct system of heating to be more desirable. In such a case, the vacuum return

system should be used. Radiators should be placed in the pits and properly protected
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from falling parts, and also on the outer walls and end or fire walls. Radiators on the

outer walls should be so located as to be clear of the path an engine would take in going

through the outer wall.

(e) Unit heaters may be successfully used for heating engine houses where desired

and where used should be arranged to have air intake seven to ten feet above floor and

discharge heated air near floor line or through under-fioor ducts into engine pits. Heaters

and ducts should be constructed as far as possible of corrosion resisting materials.

(f) Where engine houses are equipped for direct steaming in some cases it has been

found possible to entirely eliminate heating equipment, but in locations where this is

impossible unit heaters are particularly well adapted for use in furnishing such additional

heat as may be necessary.

Piping

(a) The engine house should be provided with piping for air, steam and water

supply and for boiler blowoff. The latter line should discharge outside the house and

when a boiler washout system is installed, should discharge into the blowoff reservoir.

(b) A boiler washout and refilling system is ordinarily desirable to provide hot

water for washing and refilling and to make use of the steam and water blown off from

locomotive for this purpose.

(c) The steam outlet should be located near the front end of the boiler. The

blowoff line, the air, washout and refilling water and cold water connections should be

near the front end of the firebox. Connections should be provided in each space between

stalls, except for air and washout connections, which should be in alternate spaces.

(d) Steam and hot water piping should be insulated.

Electric Lighting and Power Wiring

General distribution of illumination should be provided either by:

(a) Individual lights between pits arranged to avoid shadows, 300 to 500 watts

to a stall, or:

(b) Flood lights on the outer and inner circle walls so arranged as to diffuse rays,

eliminate the glare common with flood lights and avoid deep shadows. Usually two

100-watt lamps on the outer wall and one 60-watt lamp on the inner wall are sufficient.

(c)' Either system should be supplemented by plug outlets for drop cord lamps of

low voltage in each alternate space between pits.

(d) Welding plug outlets should be provided in alternate spaces between stalls.

Machine and Tool Equipment

The space provided for machine tools and the extent of machine and tool equipment

will depend entirely upon the location and method of operation of the house and must

be made a subject of study for each house.

Mechanical Handling Devices

The common use of electrically propelled and operated industrial tractors, trucks and

portable cranes practically eliminates the need of overhead cranes, pit cranes or mono-

rails, except, perhaps, in a limited portion of the engine house where considerable shop

work is done.
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Appendix B

(3) GENERAL RECLAMATION PLANTS, COLLABORATING WITH
PURCHASES AND STORES DIVISION

H. C. Lorenz, Chairman, Sub-Committee; J. S. McBride, C. E. Beveridge, E. A. Dough-
erty, B. Elkind, W. H. Hobbs, L. H. Laffoley, W. S. McFetridge, B. M. Murdock,
E. H. Roth.

A Reclamation Plant is for the purpose of reclaiming and converting to other uses

the salvable material consigned to the scrap plant, and therefore usually is located near

the scrap plant and operated under the same supervision. The material taken from the

scrap for reclamation is that usually released from the scrapping of roUing stock, also

material received in miscellaneous scrap which is unsuitable in condition received. The

work of reclamation consists of the reconditioning and reforming of this material. Frogs,

switches, and signal materials usually are selected for rebuilding or repair when released

and the work of reclaiming is sometimes handled at a separate plant or in the general

shops under the supervision of the Maintenance of Way or Signal Departments. On
some railroads all reclamation is handled in general shops.

A modern scrap plant consists of a crane runway 80 feet to 100 feet wide, with an

inbound and an outbound track located on the inside and immediately adjacent to the

runway columns, connected at both ends to facilitate switching. Cranes of from 5 to IS

tons capacity each equipped with a magnet, with about 30-fcot underclearance, are pro-

vided to handle the materials. The area between the tracks is used for unloading, sort-

ing, handling, cutting, burning, and reloading the scrap material, and dismanthng old and

retired equipment. The salvable material is loaded in trucks or containers and trucked

to the reclamation area. Where the amount of material handled does not warrant a

plant of the above description, a layout having adequate space for storage and disman-

tling of equipment raay be used. It should be served by a locomotive crane of from

15 to 25 tons capacity equipped with a boom of sufficient length to facilitate safe and

economical operation, or other device, to handle the material. The tracks should be con-

nected at both ends, if possible, and provided with necessary crossovers to facilitate

switching and crane work.

It is desirable to have the scrap plant located near the general shops, however, the

location of the scrap market should be given due consideration.

The Reclamation Plant usually consists of one or more buildings located at one side

near the center of the crane runway of the scrap plant, completely equipped with machin-

ery for all operations, selected and arranged to reduce to a minimum manual work and

to accomplish satisfactory workmanship. A depressed track for the economic loading of

reclaimed materials should be provided. The reclamation area, both inside and outside

of the buildings, is paved either with concrete, wood, or bituminous material to facilitate

handling of material.

The determination as to what should be reclaimed from incoming scrap rests on an

inspection made by designated plant forces. As rapidly as the salvable materials are

sorted out in the process of scrap handling they are loaded and moved to the reclamation

area and there sorted and stored outside or taken directly into the shop, depending on the

demand. Reclamation operations are controlled ; materials are not reclaimed or shipped

unless there is an order for them. This order is based on previous and anticipated con-

sumption. Attention is also given to keeping serviceable material out of scrap by co-

operation with using departments. The Reclamation Plant is furnished with all draw-

ings and records necessary for the proper repair of articles and receives immediate advice
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when these drawings are revised or the use of the article abandoned. An accurate ac-

count of all expense in connection with the plant is kept for comparison of the value of

material reclaimed with its scrap value. All reclaimed materials are subject to inspection

of the Engineer of Tests or the Testing Department.

In conclusion, your Committee refers to the several reports appearing in the Pro-

ceedings of 1928, 1929, 1930, and 1932 of the A.A.R., Division VI—Purchases and Stores,

namely

;

"Report of committee Subject III—Recovery, Repairs, and Reclamation of Dis-

carded Material—Classification, Handling, and Sale of Scrap", wherein definite recom-

mendations were made for scrap plant facilities, supervision, methods to be pursued for

handling scrap and demolition of equipment and illustrating scrap plant layouts, recla-

mation shop and equipment; and to '"Standard Reclamation Practices" of A.A.R., Ap-
pendix "A", adopted May, 1925, and Revised June, 1930, listing the items, description,

operation, and equipment required for it.

A typical layout of a modern plant is illustrated in Fig. 1. Tracing herewith.

Conclusions

The Reclamation Plant should be located at the same point and adjacent to the

Scrap Plant to insure minimum handling expenses.

The Scrap Plant, when the amount of material to be handled warrants, should con-

sist of a crane runway 80 to 100 feet wide, of sufficient length, having a sufficient num-
ber of cranes of 10 to 15 tons capacity, equipped with magnets to handle the material

in process of classification, etc. Necessary runways should be provided to facilitate the

trucking of material to the reclaim area.

The building or buildings should be centrally located with respect to the scrap area,

of sufficient length and width to meet individual requirements, and served by a depressed

track for loading out reclaimed materials. It should be constructed of fireproof mate-

rial, adequately heated, and with electric lights arranged to suit each particular operation.

The building should be provided with a suitable floor and the runways outside

should be paved to facilitate handling of materials.

There should be adequate provisions for the storage of necessary fuel such as coal,

oil, etc.

The plant should be equipped with modern machinery and appurtenances necessary

to insure satisfactory workmanship, selected and arranged to reduce to a minimum
manual work and movement of material through the shop.
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Appendix C

(6) CAR PAINT SHOPS

A. G. Borland, Chairman, Sub-Committee; C. E. Beveridge, B. Elkind, A. T. Hawk,
A. S. Kent, H. C. Lorenz, W. S. McFetridge, F. E. Morrow, V. B. W. Poulsen,

W. A. Radspinner.

At the 1934 convention, this Sub-Committee made a progress report, which was

based on replies to questionnaires sent to representative railroads. Since that time addi-

tional information has been secured which should be placed before the Association.

Of thirty-eight railroads replying to questionnaire, twenty-seven recommended paint

shops for freight cars, seven railroads say shops are unnecessary and four were non-com-

mittal. Car paint shops for passenger cars were recommended by thirty-five railroads,

three being non-committal.

Thirty-three railroads recommend separate shops for painting freight and passenger

cars; two railroads say this is unnecessary and three did not reply. The class of work

is different for passenger cars; all railroads report using either lacquer or varnish and

many use both; two railroads use enamel; therefore separate shops are advisable.

The methods of preparing cars for painting are varied. Some railroads use several

methods; for wood freight cars, nineteen scrape, eleven use no preparation, ten use wire

or steel brush, four burn off old paint and two wash. For steel freight cars, thirty-three

sandblast, nine scrape, five use wire or steel brush and three use no preparation. For

wood passenger cars, thirty-one burn off old paint, eleven wash, four scrape, two sand

paper, two use cleaning compound and one uses oxahc acid. For steel passenger cars,

thirty-one use sandblast, eleven wash, three use paint remover, five scrape or use brush,

two sand paper, two use cleaning compound and one burns off old paint.

For freight car paint shops, twenty-two prefer longitudinal shops and eight trans-

verse shops; for passenger car paint shops twenty recommend transverse shops and nine

longitudinal shops.

The above matter is offered as information.

The following matter is recommended for inclusion in the Manual, under two sepa-

rate headmgs, "Freight Car Paint Shops" and "Passenger Car Paint Shops".

Conclusions

(A) FREIGHT CAR PAINT SHOPS

The paint shop for freight cars may be either of the longitudinal or transverse type,

the longitudinal shop being more practical in most cases. The longitudinal shop should

be open at both ends and the transverse shop should have a transfer table unless it is

short enough to be served by a ladder track.

Space should be provided outside of the paint shop for the preparing of cars. The

most common method of cleaning for wood freight cars is scraping, for steel freight cars

is sand blastmg. This space should be designed so that steel cars may be moved into

the shop immediately after cleaning and the first coat of paint applied.

The size of the proposed shop may be determined on a percentage basis by the

following formula:

X =iac/bd

X represents percentage of total cars in service.

a represents number of cars to be painted annually.

b represents number of cars in service.

c represents number of days cars must be in shop.

d represents number of days shop is to be operated annually.
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This percentage averages about one-fourth of one per cent; the length of time in shop

depends on amount of cleaning done inside the shop, the number of coats of paint applied

and the stenciling.

The tracks in shop should be twenty feet center to center; the distance from center

line of outer track to face of outside wall should be at least twelve feet; the distance

allowed between ends of couplers of cars should be at least seven feet; ten feet should

be allowed between end of coupler and face of wall.

If painting is done by other than the spray process, permanent scaffolding should be

provided; these scaffolds should be adjustable and easily operated.

It is preferable to have the paint stored in a separate building, but where this is

undesirable the storage should be in a room separated from the main shop by standard

fire walls and approved fire doors.

All electric wiring should be in conduit and all electric switches for lights, fans or

other equipment should be located in a separate room away from the paint fumes.

The freight car paint shop should be constructed entirely of fire proof material, with

a concrete floor having a smooth surface and good drainage; this floor may be water-

proofed and the corners rounded to facilitate cleaning. All shelving and lockers should

be made of non-combustible material. The shop should be well lighted both naturally

and artificially, vapor-proof globes being used. All belting should be eliminated in order

that the hazard of static electricity will be minimized.

The shop should be adequately heated and ventilated; artificial ventilation by fans

and blowers, if used, should provide for the circulating of all the air in the shop, con-

sideration being given to the specific gravity of the vapors. Fan blades should be rigid

and made of non-sparking material with ample clearance to avoid creating fire by fric-

tion, necessary allowance being made for ordinary expansion and loading to prevent con-

tact between moving parts and the duct. Special attention should be paid to the re-

moval of spray paint fumes as fast as they are liberated. This promotes safety, increases

the efficiency of the labor and minimizes the danger of possible explosion.

The car paint shop should be provided with approved automatic sprinkler system

and a sufficient number of fire extinguishers as well as any other fire protection required

by local conditions or laws.

(B) PASSENGER CAR PAINT SHOPS

On account of the dust and dirt in the air, especially where cars are being cleaned,

passenger cars should be painted in a shop. This shop should be separate from the-

freight car paint shop as the class of work is different and as paint from spray painting

of freight cars would get on adjacent cars.

The paint shop for passenger cars may be either the transverse or longitudinal type,

the transverse shop being more practical in most cases. The transverse shop should have

a transfer table unless short enough to be served by a ladder track; the longitudinal shop

should be open at both ends.

Space should be provided outside of the paint shop for the preparing of cars. The
most common method of cleaning for wood passenger cars is burning off old paint, for

steel cars is sand blasting. This space should be designed so that steel cars may be

moved into the shop immediately after cleaning and the first coat of paint applied.

The size of the proposed shop may be determined on a percentage basis by the

following formula:
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X ^ac/bd

X represents percentage of total cars in service.

a represents number of cars painted annually.

b represents number of cars in service.

c represents number of days cars must be in shop.

d represents number of days shop is to be operated annually.

This percentage averages about two per cent for passenger cars.

The tracks in shop should be twenty feet center to center; the distance from center

line of outer track to face of outside wall should be at least twelve feet and six inches;

the distance allowed between ends of couplers of cars should be at least eight feet;

eleven feet should be allowed between end of coupler and face of wall.

Additional space in separate room or building should be provided for the storage

and cleaning of cushions and other facilities removed from the cars.

Separate room should be provided for the applying of lacquer, said room being

separated from main shop by standard fire walls and self closing fire doors.

It is preferable to have the paint stored in a separate building, but where this is

undesirable, the storage should be in a room separated from the main shop by standard

fire walls and approved fire doors.

Permanent scaffolding of non-combustible material should be provided; these scaf-

folds should be adjustable and easily operated.

All electric wiring should be in conduit and all electric switches for lights, fans or

other equipment should be located in a separate room away from the paint fumes.

The passenger car paint shop should be constructed entirely of fire-proof material

with a concrete floor having a smooth surface and good drainage. This floor may be

water-proofed and the corners rounded to facilitate cleaning. All shelving and lockers

should be made of non-combustible material. The shop should be well lighted both

naturally and artificially, vapor proof globes being used. All belting should be eliminated

in order that the hazard of static electricity will be minimized. Explosion proof motors

should be used.

This shop should be adequately heated and ventilated; artificial ventilation by fans

and blowers, if used, should provide for the circulating of all the air in the shop, espe-

cially in the lacquer room; openings should be provided in the floor of the lacquer room

as well as at the ceiling and comers, consideration being given to the specific gravity of

the vapors. Fan blades should be rigid and made of non-sparking material with ample

clearance to avoid creating fire by friction, necessary allowance being made for ordinary

expansion and loading to prevent contact between moving parts and the duct.

Special attention should be paid to the removal of spray paint fumes, particularly

in the lacquer room, as fast as they are liberated. This promotes safety, increases the

efficiency of the labor and minimizes the danger of possible explosion.

The car paint shop should be provided with approved automatic sprinkler system

and a sufficient number of fire extingui.shers as well as any other fire protection required

by local conditions or laws.





REPORT OF SPECIAL COMMITTEE ON ECONOMICS OF
BRIDGES AND TRESTLES

Arthur Ridgway, Chairman; R. P. Hart, H. S. Loeffler,

C. C. Cook, A. C. Irwin, F. J. Pitcher,

F. H. Cramer, A. N. Laird, F. C. Shepherd,
Committee.

To the American Railway Engineering Association:

Your Committee respectfully reports on the following subject:

Comparative economic value of steel, treated timber, and concrete in

bridges, trestles, and viaducts under various conditions of service, with due

consideration of relative influence of durability of materials and obsolescence

of property.

It is commonly recognized that owing to the widely different physical characteristics

of the three kinds of engineering materials—steel, treated timber, and concrete—they are

not equally adequate for all purposes, but are specially adaptable to particular purposes.

The tacit acceptance of any non-axiomatic fact susceptible of proof is not a scientific

method of its disposition. Usually faultless adaptabiUty is a matter of economics, but

mere adequacy does not prove economy.

That which costs least may be extravagant, and the purchase of a high-priced article

may be a provident transaction. It all depends on intrinsic value of that for which a

price is paid or cost incurred. Economics is therefore a weighing of values, that is, a

comparison of value received with price paid. The value received is not necessarily

physical property, but may be and often is a need or a use. The matter of economics

may be expressed mathematically thus:

Economy^ (Value) — (Price).

From this it is clear that when intrinsic value, be it use, need, physical property, or

whatnot, equals the price paid, the exchange is economical. If in another transaction it

exceeds the price paid, the second is more economical than the first, and if in any ex-

change it exceeds by the greatest possible amount the price paid, it is the most econom-

ical. Conversely, if the price paid is more than the intrinsic value, economy is negative

and the transaction is extravagant, the degree of extravagance depending on the excess

of the price beyond the value.

In the case of a bridge or other physical property not to be consumed, stored, or

immediately used up, its value is to be found largely in its utility, and since its price is

not a spot cash transaction but involves other expense, the economy equation may be

written:

Economy = (Utihty) — (Cost),

in which utility is the aggregate of several independent values, and cost is the sum of

several amounts of money.

The economics of bridges and trestles vitally involves the time element, and to be

of any value at all, comparative economy must be computed for a fixed period of time,

say a year. The complete annual economy formula or equation applicable is

E=(U + S+A) — {Cr-\ ^ -f M-f F-f J)
(l-l-r')°— 1

^ ^ ^

Bulletin 370, October, 1934.
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This formula will give the amount of annual economy "£" obtained in any type of

structure by substituting proper numerical quantities for the symbols according to the

following descriptions:

U= The utiUty value of carrying the annual volume of traffic. Obviously a bridge

which carries an annual traffic of 10,000,000 gross tons is of greater utility value

than one carrying 5,000,000 gross tons. Again, the kind or class of traffic carried

will have a decided influence in a proper appraisal of this element.

S := The security or reliability per annum of uninterrupted or tardy service. A bridge

structure can be insured against physical loss by payment of a certain premium.
But no insurance can be purchased that will compensate for traffic delay and its

indirect effects occasioned by destruction of a structure by fire, flood, or other

cataclysm. Similarly with "i7", the numerical value of "5" is somewhat dependent
on volume and importance of traffic carried.

A =z Appearance or esthetic value. In many cases there is a distinct value in the fitness

of the structure to the surroundings of its site, and although rather illusive, a proper
appraisal of "A" for a year's time is apparently necessary. Where appearances are

of no moment, "A" will of course be 0.

C = Cost of original construction including cost of removal and credit of salvage value

of existing structure.

C := Cost of replacement at end of serviceable life including cost of removal and credit

of salvage value of structure replaced.

r = Prevailing annual rate of interest on borrowed money.

/ ^ Annual rate of interest that can be obtained on sinking funds.

n =^ Serviceable life in years. The determination of the correct value of "«" is exceed-

ingly difficult and complex since it is dependent on several apparently intangible

factors some of which may be grouped under the cause of obsolescence—thus:

1. Change in tracks, grade, or alinement, and change in type or weight of equip-

ment.
2. Change in character and volume of traffic.

3. Replacement by fill or other type of structure.

4. Abandonment.

Consideration must also be given in the determination of "n" for structures, parts

of which are renewed piecemeal, and for those very long lived structures none of

which has as yet outUved its serviceability.

M =z Annual cost of maintenance. The effect of the particular type of structure on
maintenance of equipment should be included with the maintenance of the structure

itself if it is at all possible to determine this effect. In any event, its consideration

should not be ignored. Owing to the fact there is little or no maintenance of struc-

tures during their early years of life, the greater part of it being cumulative in

declining years, it has been suggested the item of maintenance should possibly be
provided for by a sinking fund.

F = Annual cost of fire insurance.

T= Annual cost of taxes.

The appraisal of each one of the elements hereinbefore indicated is necessary not only

for a structure as such, but also as affected by the use in whole or in part of steel,

treated timber, or concrete. Although some of the most important factors are appar-

ently intangible, your Committee is undertaking to collect and interpret the results of all

recorded observation available and pertinent to the subject. It will also endeavor to

recommend methods by which numerical values of the symbols can be determined or,

failing in this, supply proper alternatives to be used for comparative purposes. A large

amount of data and statistics has already been assembled, but it is entirely insufficient

and unreliable as a basis for definite conclusions of any kind.

Special Committee on Economics of Bridges and Trestles,

Arthur Ridgway, Chairman.
I



REPORT OF SPECIAL COMMITTEE ON COMPLETE
ROADWAY AND TRACK STRUCTURE

John V. Neubert, C/iazVwan; Geo. S. Fanning, J.M. Farrtn, Vice-Chairman;
H. AusTiLL, P. M. Gault, O. E. Selby,
C. W. Baldridge, C. J. Geyer, Earl Stimson,
W. J. Burton, G. A. Haggander, J. E. Teal,
A. P. Crosley, Meyer Hirschthal, A. R. Wilson,

Committee.

To the American Railway Engineering Association:

Your Committee respectfully reports on the following subject; (1) Complete road-

way and track for various loads and traffic densities.

This assignment contemplates the assembling of data which has been developed by

the several Fundamental Committees (and approved as recommended practice by the

Association), whose assignments include the various members of the Roadway and Track

Structures Committee, with its structures and signaling, interlockers, etc., and the eco-

nomics of railway operation and maintenance; and the proper grouping of this data into

complete track structures to meet the requirements of the various loadings and traffic

densities.

The Committee felt that the first thing to do is to decide on the rail section to build

the study around and the proposed suggestion is to use the three basic rail sections now

adopted by the A.R.E.A., namely,

90 lb. R.E. section,

112 lb. R.E. section, and
131 lb. R.E. section.

It is felt that these sections meet the general traffic requirements and for each of

these sections we will have several classes or groups developed to meet the different re-

quirements justifying this weight of rail, that is to say, under the 90-lb. study, certain

traffic densities or speeds will require stone ballast of certain depth, cross-ties of a certain

class and number per rail with or without tie plates and their size, signals, interlockers,

train control, etc. Other traffic densities would justify this rail section, but gravel, cinders

or other ballast of less expense would meet the requirements ; automatic signals and train

control would not be required, etc. This same study would also be grouped around rail

sections of 112 lb. and 131 lb., in the same manner to meet the different loading and

traffic conditions.

If it be found that data is lacking in these studies, then this Committee will so in-

form the Association and look to the Fundamental Standing Committees to supply it;

in other words, this Committee does not develop Standard Practices but correlates and

throws together the data which the Fundamental Committees develop.

The Committee invites any suggestions or comments which the various Committees

not represented care to give, to aid or assist in this study.

This is a progress report and we so recommend that the subject be continued and

reassigned.

The Special Committee on Complete Roadway and Track Structure,

John V. Neubert, Chairman.

Bulletin 370, October, 1934.
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REPORT OF COMMITTEE XX—UNIFORM GENERAL
CONTRACT FORMS

F. L. Nicholson, Chairman;
E. H. Barnhart,
W. H. Brameld,
R. P. Eubank,
W. D. Faucette,

J. P. Hanley,
B. Herman,
J. C. Irwin,

J. S. LlLLIE,

S. L. Mapes,
A. A. Miller,
O. K. Morgan,
C. B. NiEHAUS,
H. A. Palmer,
W. M. Post,

W. G. Nusz, Vice-Chairman;

S. S. Roberts,
Chas. Selliman,
Huntington Smith,
W. R. Swatosh,

J. S. Thorp,
C. A. Wilson,

Committee.

To the American Railway Engineering Association:

Your Committee respectfully reports on the following subjects:

(1) Revision of Manual—No revisions to recommend at this time.

(2) Form of Conveyance of Title Granting the Right to Construct and Maintain

Air Right Buildings over Railway Property (Appendix A) . Complete with recommended

form for publication in the Manual.

(3)' Form of Agreement with Public Authorities for Highway Grade Crossing Elim-

ination or Separation, collaborating with Committee IX—Highways. This subject has

been in Committee for three years; many agreements have been carefully studied by the

Committee and its best thought given thereto; it is now complete and in (Appendix B)

is the recommended form for publication in the Manual.

(4) Form of Agreement for Cab Stand Privileges. Tentative form prepared and

progress being made in further investigations. No report.

(5) Form of Agreement for the Use of Railway Property by Pipe Lines with spe-

cial reference to Pipe Lines carrying High Pressure Inflammable Oils and Gas (Appendix

C). Complete with recommended form for publication in the Manual.

(6) Form of Agreement for Store-Door Delivery (Appendix D). Progress report.

(7) Form of Agreement for Rail-Air Service (Appendix E).

ing this subject presented as information.

Statement concern-

The Committee on Uniform General Contract Forms,

F. L. Nicholson, Chairman.

Bulletin 371, November, 1934.
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Appendix A

(2) FORM OF CONVEYANCE OF TITLE GRANTING THE RIGHT
TO CONSTRUCT AND MAINTAIN BUILDINGS OVER RAILWAY
PROPERTY

R. P. Eubank, Chairman, Sub-Committee; W. D. Faucette, O. K. Morgan, H. A. Palmer,
Huntington Smith.

Complete with recommended conclusions for publication in the Manual.

This Indenture, made this day of , 19 , by and

between
, a corporation organized and existing

under the laws of the State of , Grantor, and

, a corporation organized and existing under the laws of the State

of , Grantee,

WITNESSETH: That for and in consideration of the sum of

Dollars ($ ) , and other valuable considerations,

the Grantor conveys with Warranty unto the Grantee, the following

described land, property and space situate in the City of ,

County of , State of , to-wit:

(a) All the land, property and space at and above a horizontal plane

feet above Datum within and bounded by surfaces

formed by projecting vertically upward from the surface of the earth the bound-
aries of the land bounded and described as follows: Beginning at the

(Insert description)

to the point of beginning, and containing square feet, more or
less, being a part of Lot No , Block , of

Sub-Division of the City of , and as shown on map
hereto attached, designated as dated ,

of the Engineer's office, and made a part hereof.

(b) Certain rights of support for structure as hereinafter set forth.

The Grantor's premises as aforesaid, below elevation, not herein

conveyed, are hereinafter referred to as^the "ground space" and the term ".

datum" wherever used in this conveyance means the datum as now estab-

lished by

The said ground space may be occupied and used by the Grantor for the construc-

tion, maintenance, use, operation and renewal of its railway tracks and facilities as they

now exist or may hereafter be constructed for the operation and use of engines, trains,

cars and other equipment and for all other purposes incident thereto ; also for such other

and different purposes as the Grantor, its successors or assigns, may from time to time

or at any time hereafter deem advisable; and the Grantor, its successors or assigns, re-

serves the right, at its option, to lease, encumber or sell the ground space, subject to the

rights hereinafter granted to the Grantee, and also hereby covenants and agrees that such

occupation and use by it of said ground space shall at all times be exercised in such

manner as not to interfere with the rights in and to such ground space which are herein-

after granted in this conveyance to the Grantee.

The Grantor hereby further gives and grants to the Grantee, and to its successors

or assigns, the perpetual right to construct, install, maintain and renew within the ground

space, foundations, columns and bracing for the support of any buildings or other struc-

tures to be erected by the Grantee, all to be located and constructed in conformity with

plans hereto attached and made a part of this conveyance and identified by the signa-
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tures of the Chief Engineer for the Grantor and the Architect for the Grantee, and to be

designed, constructed, maintained and installed so as not in any manner to interfere with

the Grantor's construction, maintenance and operation of its present tracks and facilities

or tracks and facilities that may hereafter be constructed. The said right granted as

aforesaid to the Grantee shall be and constitute an easement in and over said ground

space perpetually running with the lands and premises hereby conveyed.

(Here insert any further grant or grants of easements in the ground space for

sewers, pipes, tunnels, subways, etc., necessary or peculiar to the particular

situation)

.

The Grantor hereby reserves to itself, and to its successors and assigns, the right,

without compensation to the Grantee, to attach wires, ducts, pipes, conduits and other

apparatus and equipment and their supports to the columns, pedestals, inside of walls

or underside of any buildings or other structures which may be erected by the Grantee,

in, over or upon the ground space, and to repair, maintain and renew or to change the

location of said wires, ducts, pipes, conduits and other apparatus and equipment and

their supports.

And the parties hereto, in consideration of the premises, and of the mutual covenants

herein contained, do further covenant and agree as follows:

(1) The Grantor covenants and agrees that it will, at the Grantee's sole expense,

make such changes in the location of its tracks and structures within the ground space

as shall conform to the locations thereof shown upon the plans attached hereto, and that

it will, so far as may be reasonably practicable without undue interference of its service,

co-operate in every reasonable way with the Grantee, to the end that the Grantee may
promptly begin and prosecute to early completion the work of constructing its supporting

foundations and columns.

(2)' The Grantee covenants and agrees:

(a) That before erecting any buildings or other structures or foundations, col-

umns or bracing therefor in, over or upon the ground space, it will submit detailed plans

and speciiications to the Chief Engineer of the Grantor, which shall conform in all re-

spects as to size, location and dimensions within the ground space to the plans hereto

attached, and shall provide a vertical clearance of not less than feet above

the top of the rails as they now exist; and the construction of such buildings or other

structures or foundations, columns or bracing shall be subject to the approval and rea-

sonable inspection, control and direction of said Chief Engineer.

(b) That in all its construction it will perform the work with the least pos-

sible interference with the property of and the operations of the Grantor and will, dur-

ing said construction, provide, at its own expense, adequate and safe support for the

Grantor's tracks and other facilities in strict accordance with the requirements of the

Chief Engineer of the Grantor; the Grantor, however, reserving the right at any time to

do all or any part of the work necessary in connection with the proper support of its

tracks and other facilities at the sole cost and expense of the Grantee.

(c) That any buildings or other structures erected in, over or upon the ground

space shall be fireproof and shall be thoroughly waterproof and drained in the building

drainage system, and that no water, liquid or waste of any character shall be permitted

to drain or leak into the ground space.

(d) That it will make no alterations or changes in said buildings or other

structures, which will increase the loads carried by the supporting foundations and col-

umns in, over or upon the ground space without the written consent of the Grantor first

had and obtained; that plans and specifications showing any such proposed alterations
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or changes shall be submitted to the Grantor for approval upon the application for such

consent; and that all alterations or changes made with the written consent of the Grantor

as aforesaid shall be made at the sole cost of the Grantee under the control, direction,

inspection and approval of the Chief Engineer of the Grantor; also that proposed alter-

ations and changes shall be first approved by the municipal or other governmental author-

ities having jurisdiction, and in accordance with such lawful orders and regulations as

said authorities may from time to time make in regard thereto.

(e) That it will not permit the loading of any of the floors of any buildings

or other structures at any time erected in, over or upon the land, property and space so

conveyed, or any portion or portions of said floors, beyond the loads which the same will

safely support, nor beyond the loads permitted by the municipal building code.

(f) That it will provide, construct, operate and maintain, at its own cost and

expense, a system of ventilation for the purpose of exhausting smoke, other fumes and

gases from locomotives or any cause whatsoever in the ground space, said system to in-

clude, among other features, openings over every track leading into smoke chambers

which shall lead into a vertical stack or stacks in the buildings, so that the smoke, fumes

and gases shall exhaust through the top of the buildings, the entire plan, arrangement and

construction to be subject to the approval and satisfaction of the Grantor.

(g) That in the event of the use at any time, by the Grantor or other trans-

portation companies using its station, of electricity or any other means of motive power

for the running of locomotives, cars, trains or other facihties upon its tracks in the

ground space, neither the Grantor nor said transportation companies shall be liable to the

Grantee for any interference due to such use with telephone, telegraph, radio or other

electrical apparatus or other instrumentalities of any kind used by the Grantee or by

others using or occupying said granted premises.

(h)' That it will keep the buildings or structures sufficiently covered by fire

insurance, and will not conduct or permit others to conduct in said buildings or struc-

tures any business in violation of any Federal, State or municipal law, and will keep the

buildings or structures in such condition as the Board of Health or other lawfully con-

stituted authority may require, free of all cost to the Grantor, and in accordance with

the rules and regulations of the National Board of Fire Underwriters.

(i) That it will indemnify and save harmless the Grantor from and against

any loss, damage, cost or expense by reason of the Grantee's failure in any respect to

perform its covenants in this indenture entered into, or to comply with any obligation

imposed upon it by law with respect to the land, property and space so conveyed, or by

reason of any accident, loss or damage resulting to person or property in consequence of

any act or omission by the Grantee in, over or upon the land, such as may arise or in

any manner grow out of the construction, maintenance, presence, use or removal of any

buildings or other structures placed over or upon the property and space so conveyed,

and no approval by the Grantor of plans, buildings or other structures in, over or upon

the land, property and space so conveyed shall be construed to waive the foregoing

covenants to save and keep the Grantor harmless and indemnified.

(j) That it will indemnify and save harmless the Grantor from all claims for

property loss or damage, death or personal injury which may be sustained by the Grantee,

its agents, servants, employees, invitees, licensees or tenants, on, over or upon the prop-

erty herein conveyed, or in the buildings or structures located thereon, in connection with

the exercise of the privileges herein granted, arising from any cause whatsoever.

(3) All general taxes levied and assessed against the ground space herein retained

and the land, property and space herein conveyed,

(Here insert a provision for distribution of aforesaid taxes).
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The Grantee covenants and agrees to pay all taxes and assessments, general and special,

of every kind and nature whatsoever levied upon any buildings or other structures at

any time placed by the Grantee upon the land, property and space herein conveyed.

(4) All the covenants, conditions and undertakings herein shall inure to the benefit

of and be binding upon the legal representatives, successors and assigns of the parties

respectively, and shall be construed as covenants running with the land.

In Witness Whereof, the parties hereto have executed this indenture the day and

year first above written.

Attest: (Signatures)

(Room for Seal)

(Room for Seal)

SUGGESTIONS FOR OTHER CONDITIONS THAT MAY APPLY AT

CERTAIN LOCALITIES

1. The question of heating may come up and either company could put in a plant

and serve heat to the other.

2. The question of maintaining approaches and streets would really be a part of

the structure, but if there are any unusual approaches, there could be a clause added to

take care of this.

3. Water supply and sprinkling system would develop in some localities and not in

others. It might be well to consider which company should put in the system and allow

the other to use same.

4. There would be quite a number of conditions that may come up at one locality

that would not be essential at others. Therefore, it would not be advisable to put any

more conditions in the contract than would generally be used at various locations.

5. The laws of different states vary as to the granting clause, testimony clause,

signatures, witnesses, seals and acknowledgments; also tax laws. In all cases the inden-

ture should be modified to meet the requirements of the State law.

6. In cases where there are contracts with the Western Union or other companies,

there should be a clause added to protect the interests of those companies operating

under contract from the Railway.
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Appendix B

(3) FORM OF AGREEMENT WITH PUBLIC AUTHORITIES FOR
HIGHWAY GRADE CROSSING ELIMINATION OR SEPARATION

J. S. Lillie, Chairman, Sub-Committee; B. Herman, C. B. Niehaus, Chas. Silliman, W. R.

Swatosh, J. S. Thorp.

FORM OF AGREEMENT WITH PUBLIC AUTHORITIES FOR HIGHWAY GRADE
CROSSING ELIMINATION OR SEPARATION

This Agreement, made this day of 19

!

, by

and between the Company, a corporation organized and

existing under the laws of the State of , hereinafter called the

"Railway Company", and the , acting through its

, hereinafter called the
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WITNESSETH: Whereas, it is desired to eliminate the grade crossing known and

designated as , a public highway in the County of ,

State of , crossing the tracks of the Railway Company
at grade in the of , County of and

State of
, a distance of feet of the

Railway Company's Mile Post from ; by separating the

grades and a plan marked Exhibit A, a profile marked Exhibit B and specifications

marked Exhibit C have been prepared, approved and accepted by both parties hereto

as the manner of doing the proposed work, each sheet of the exhibits being identified by

the signatures of the approving officers.

Now, Therefore, in consideration of the covenants and agreements herein contained,

it is mutually agreed as follows:

1. The grades of the public highway and the tracks of the Railway Company shall

be separated and the shall be carried over the on a

structure in accordance with the plan marked Exhibit A, profile marked Exhibit B, and

the specifications marked Exhibit C, attached hereto, hereby approved and made a part

of this agreement. Detail plans, including methods of performing the work and specifica-

tions for the materials to be used, amplifying Exhibits A, B and C, shall be prepared by

the and approved by the before letting of any

contract, purchase of any material or the performance of any work. Failure of the

to approve or notify the of its objections to plans

and/or specifications within days after receipt will constitute approval by

the

2. Subject to requirements deemed by it necessary for the safety of its traffic and

the protection of its property, the Railway Company grants to the

the right to enter upon the following described premises and right of way of the Railway

Company,

for the purpose of constructing, maintaining and/or reconstructing the structure shown

on Exhibit A.

3. The Railway Company shall furnish all material, supplies and equipment for and

by contract or with its own forces or a combination of both do and perform all the work

of construction of the and all other work appurtenant thereto or in

connection therewith. (Division of work to be specified for each grade separation project)

The shall by its Contractor or Contractors, with its own forces or a

combination of both, do and perform all other work of construction of the

and all work appurtenant thereto or in connection therewith, except as herein otherwise

provided. All work shall conform to and comply with the terms of this agreement and

the exhibits attached hereto.

4. The Railway Company shall, if it so elects, do any part or all of the construc-

tion work or changes of any character, affecting its tracks, including temporary structures

under its tracks, detour tracks to facilitate construction, roadbed or the drainage of its

right of way and/or lands necessary under this agreement. The Railway Company shall

make all changes in its signals, telephone and telegraph lines and other similar facilities

and/or change or cause to be changed telephone or telegraph lines of its licensees over

which it has control, adjacent to and made necessary by the work provided for in this

agreement. It is understood and agreed that all construction work and changes provided

for in this section, except where the Railway Company licensees are required to make the

necessary changes at their expense, are part of the work necessary for grade separation

under this agreement and shall be included in the total cost and apportionment thereof.
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The Railway Company shall, when, and if necessary in its opinion, provide watch-

men and/or flagmen, to protect its property and the movement of its trains during con-

struction. The expense thereof shall be paid by the Railway Company and shall be in-

cluded in the total cost of the grade separation and the apportionment thereof.

5. Each party hereto shall keep accurate records of the work performed by its own
forces. The cost of all materials and supplies so far as practicable shall be the cost f.o.b.

the site of the work, including revenue freight. Where materials and supplies are fur-

nished from the stocks of the Railway Company there shall be added to the storehouse

price per cent ( %) to cover the cost of supervision, inspection,

transportation and accounting. To the cost of labor of the Railway Company's forces

there shall be added per cent ( %) to cover supervision, account-

ing and use of small tools. To the cost of the Railway Company labor shall be added

Employer's Liability and Public Liability insurance costs. Equipment shall be charged

to the work at the customary established rental rates of the Railway Company. No per-

centages shall be added to any work let by contract, provided, that on any work let by

contract, the item of workmen's compensation and public liability insurance shall be

carried by the Contractor and included as a specific item of cost.

As each party hereto proceeds with the work it is required to do, it shall prepare

monthly estimates of the cost and expense of such work and an adjustment shall be made
between the parties each month ; such bills shall be due and payable at the office of their

respective Treasurers on or before the day of the following month.

6. The factors included in the cost and the division thereof between the parties

hereto shall be as follows:

7. It is agreed will, in letting any contract or contracts, re-

quire that the Contractor, or Contractors, shall furnish and deliver to the

a good and sufficient surety bond in a company licensed to do business in

for the faithful performance of all his obligations under the contract or contracts let, and

which bond shall also protect, indemnify and save harmless the Railway Company and

the from and against and insure the payment by the Contractor of

any and all loss or damage or injury which they, or either of them, may sustain through

injury to or death of any person or persons, loss of or damage to property of any person,

firm or private or municipal corporation; and to protect, indemnify and save harmless

the Railway Company and the , or either of them, from and against

any and all claims, demands, suits and causes of action, judgments, costs, attorneys' fees,

and other expenses growing out of or resulting from any act of omission or commission

or from a breach of the obligations of the Contractor, his agents, servants or employees,

in or incident to the construction of the and/or the work attendant

thereupon, any maintenance or repairs in connection therewith, and/or failure to comply

with any of the requirements or obligations of this agreement.

The penal sum of the bond, if there be but one contract and bond, or the total of

the penal sums of all such bonds, if there be more than one contract and bond, shall be

Dollars ($ ) . Each bond shall be subject to the approval

of both parties to this agreement. The shall cause the Contractors

to submit the bond or bonds to the for approval before the execution

thereof and the shall, within ( ) days after

receipt thereof, notify the and the Contractor of its approval or

disapproval of the bond or bonds. If the shall disapprove the

execution of the bond or bonds, it shall specify its reasons therefor.
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8. Before beginning the work of construction on the Railway Company's property

the shall notify the Chief Engineer of the Railway Company in

writing, of the date at least ( ) days in advance of the date on

which it is desired to start any work.

9. No waste excavation shall be deposited on the property of the Railway Company
except with and under the written instructions of its first had and

obtained.

10. In the performance of said work no construction material or equipment shall be

stored or placed by the or its Contractor upon the Railway Company's

property except under the written authority and supervision of the Railway Company's

but in no event so as to interfere with the operation or maintenance

of the Railway Company's trains, roadbed and/or tracks.

11. A minimum vertical clearance of feet ( ') inches

( ") over the top of the rail and a horizontal clearance of feet

( ') inches ( ") measured from the center line of the nearest

track shall be maintained at all times during the construction. The clearance of the per-

manent structure shall conform to that shown on Exhibit A and Exhibit B.

12. The and its Contractor or Contractors shall comply with

the rules and regulations of the Railway Company or the instructions of its representative

in relation to the proper manner of protecting the tracks and property of the Railway

Company and the traffic moving on such tracks, as well as wires, signals and other prop-

erty of the Railway Company, its tenants or licensees at and in the vicinity of the work

during the period of construction.

13. All water pipes, services or other underground conduits belonging to or con-

trolled by the parties hereto and affected by the improvement herein provided for shall

be taken care of so that they will function properly at all times during the construction

of the improvement and the cost of caring for and of relaying or changing such facilities

shall be considered a part of the cost of the grade separation work and included in the

total cost and apportionment thereof.

All municipal or private corporations or individuals owning or maintaining wires,

poles, pipes, conduits or other equipment or appliances, structures, or sub-structures for

furnishing water, gas, telephone, telegraph, or electric service, or for transportation or

for any other purpose, in the highway or on the property now owned or to be owned by

the State and any municipality, within the limits herein provided for or affected by con-

struction of the under this agreement, shall be required by the

to the extent of the exercise of its lawful powers, to change, relocate,

reconstruct or remove as may be, at their cost and expense, in such manner and to such

extent as may be necessary to permit the changes and work herein contemplated and to

support and keep the same in repair and operation during the progress of such work,

upon notice from the

If, during construction any detours or temporary roads are necessary, the

shall arrange therefor and the cost thereof shall be borne by the

14. The shall construct and maintain at its expense, a good

and sufficient fence or guard, approved by the Railway Company, along the shoulder of

the embankments on each side of the bridge, extending from the foot of the embankment

to and connecting with the structure.

15. The or their duly authorized representative shall at all

times construct, reconstruct, operate and maintain without cost or expense to the Railway

Company any and all lights, signs (including highway symbols), signals and protection
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devices, necessary for the operation of, or required by law or order of any public body

or commission having jurisdiction of or in connection with, the road,

structure, connecting highways, or any part of them, except that any bridge warning

signals necessary along the Railway Company's tracks shall be installed and maintained

by the Railway Company at its cost and expense.

16. The Railway Company shall have the right, subject to the reasonable supervision

of the without any charge to the Railway Company, to attach to the

structure after its completion, at any time and from time to time, and to operate and

maintain at the expense of the Railway Company, signals, signal posts or supports, tele-

graph, telephone or other wires, pipes and conduits and devices of any kind that may
now or hereafter be convenient or necessary in the operation of the railway.

17. The Railway Company shall have the right, subject to the reasonable super-

vision of the , without any charge and at the expense of the Railway

Company, to construct and use at any time and from time to time, driveways or road-

ways connecting the property of the Railway Company with said structure or its ap-

proaches.

18. The structure shall be maintained in accordance with this agreement, the ex-

hibits attached hereto and detail plans and specifications provided for herein and any

alterations or changes in that part of the structure on or over the property of the Rail-

way Company shall be subject to the prior approval of the Railway Company in writing

and shall be made at the sole cost and expense of the

Upon completion of the structure and all other work provided for in this agreement,

the shall, at its own cost and expense, maintain and repair

(including drainage necessary in connection with the approaches to the

structure and the highway in the vicinity of the same), and the Railway Company shall,

at its own cost and expense, maintain and repair ; provided, that

plans and specifications for all changes in maintenance or repairs made by either party

or its Contractors shall be submitted to the other party for approval and the party to

whom such plans and specifications are submitted shall notify the other party within

( ) days after receipt of such plans and specifications of its ap-

proval or disapproval. All maintenance of and repairs to the structure shall be so con-

ducted as not to interfere with the operation of the Railway Company's tracks, trains,

and/or property or that of its tenants.

19. In the event either of the parties hereto shall find it necessary after construc-

tion that the structure be altered, the work thereof shall be done as hereinabove pro-

vided for the original construction, each party to bear that part of the cost of such work

as is done at its request and for its benefit except that where any changes are made, in-

cluding strengthening for the purpose of carrying added loading, due to bus, truck and/or

street car traffic, the Railway Company shall not be required to pay any part of such cost.

20. Rates being equal or service better, the shall give or cause

to be given preference to the Railway Company's lines in the routing of all materials

and supplies required in connection with the construction of the To

this end the Railway Company shall have the opportunity of approving the routing of

all materials and supplies before shipment is started.

21. The structure and approaches thereto shall hereafter be held and considered as

a public highway of the state and shall not be subject to taxation. The Railway Com-
pany shall not be liable for any special assessment levied against its property for or on

account of said grade separation, its maintenance or repair, nor on account of any high-

way widening or other improvement on or along said road known as

road.
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For the purposes of this agreement it is hereby agreed by and between the parties

hereto that the Railway Company is the owner of that part of the grade separation

described as follows:

and that the is the owner of all other parts of the entire grade

separation project.

22. The agrees to close or have closed to all traffic of every

character, and permanently abandon, or have permanently abandoned as a public high-

way, the present road or highway crossings now in use and located at

and The also agrees not to open or permit

to be opened, insofar as it can legally prevent the same, any public road or highway

of any character across the tracks or right of way of the Railway Company within a

distance of of the structure provided for in this agreement, without

the consent of the Railway Company first had and obtained.

23. This agreement shall inure to the benefit of and be binding upon the parties

hereto, their successors and assigns.

In Witness Whereof, the parties hereto have caused this agreement to be signed

by their duly authorized officers, duly attested and their

respective corporate seals to be hereunto affixed, the day and year first above written.

Attest: Railway Company

By
Secretary President

Witnesses: . . .

.

By

Appendix C

(5) FORM OF AGREEMENT FOR THE USE OF RAILWAY PROP-
ERTY BY PIPE LINES WITH SPECIAL REFERENCE TO PIPE
LINES CARRYING HIGH PRESSURE INFLAMMABLE OILS
AND GAS

A. A. Miller, Chairman, Sub-Committee; J. P. Hanley, J. S. Lillie, W. G. Nusz, H. A.

Palmer, J. S. Thorp.

This subject was first assigned to your Committee in 1931. Reports of the Com-
mittee since that time are found in Bulletins 340 of 1931; 349 of 1932; 360 of 1933; and

in the Proceedings of 1932, 1933 and 1934.

During the past several years your Committee has had conferences with the Central

Committee on Pipe Line Transportation of the American Petroleum Institute in an

attempt to draft a form of agreement that would be satisfactory to the American Petro-

leum Institute and your Committee. This now appears to be impossible of attainment.

Your Committee therefore submits a draft of the Form of Agreement which it

recommends and asks that it be adopted and printed in the Manual:

This Agreement, made this day of , 19 , by

and between , hereinafter called the Railway Company, and

, hereinafter called the Licensee,
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WITNESSETH: Whcreas, the Licensee desires to construct, reconstruct, maintain and

operate a inch pipe line for the handling of

under the tracks and/or upon the lands and property of the Railway Company, situated

at or near , County of , State of
,

substantially as shown on Plan No , dated
,

designated as , and the specifications hereto attached and made a

part hereof,

It is mutually agreed as follows:

(1) The Railway Company hereby grants permission to the Licensee to construct,

reconstruct, maintain and operate said pipe line upon its lands and property and/or

under its tracks in accordance with said plan and specifications hereto attached and

forming a part hereof, subject to the conditions and requirements of this agreement.

(2) In consideration of this permit the Licensee shall pay to the Railway Company

(3) The Licensee agrees at its own cost, subject to the supervision and control of

the Railway Company's Chief Engineer, or other designated officer, to lay and maintain

the pipe line in such manner and of such material that it will not at any time be a source

of danger to or interference with the safe operation of the railway. Arrangements must

be made with the Chief Engineer or other designated representative of the Railway Com-
pany for the date and time for doing such work. Any work neglected by the Licensee

or the contractor doing the work in connection with this laying or maintenance of the

pipe line may be done by the Railway Company, after giving due notice thereof to the

Licensee, and the Licensee agrees to reimburse the Railway Company therefor.

(4) This contract does not relieve the Licensee from compliance with rules or re-

quirements of any regulatory body having jurisdiction.

(5) If the Licensee desires or is required as herein provided to revise, renew, add

to or alter in any manner the pipe line, or change the purpose for which the pipe line is

used, it shall submit plans to the Railway Company and procure the approval thereof in

writing before any work or any change in use of said pipe line is undertaken, and the

terms and conditions of this agreement shall apply thereto unless changed by mutual

consent of the parties hereto.

(6)' The Licensee, at its sole cost and expense, shall adjust its pipe line to any

physical change as made at any time in the Railway Company's property.

(7) The Licensee as part of the consideration for this permit hereby releases and

waives any right to ask for or demand damages on account of loss or damage to the

pipe line and contents thereof, whether attributable to any act or omission of the Rail-

way Company or otherwise.

(8) The Licensee agrees to indemnify and save harmless the Railway Company
from and against all claims, suits, damages, cost—including attorney's fees, losses and

expenses, in any manner resulting from or arising out of the laying, maintenance, renewal,

repair, use or existence of the pipe line, including the breaking of the same or any leakage

therefrom.

(9) The term hereof shall begin with , 19 , and

continue thereafter until concluded—

-

(a) By expiration of thirty days following serving,

by the Railway Company or the Licensee of written

notice of intention to end term hereof, or,

(b) At the Railway Company's election without further notice, by expir-

ation of six months without the pipe line having been
installed, or,
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(c) By the Licensee failing to cure any default or to show statutory right

to install the pipe line within thirty days following the

Railway Company's written request therefor.

(10) Not later than the last day of the term hereof, the Licensee shall remove the

pipe line and restore the premises. In case of the Licensee's failure so to do, the Railway

Company may at its option either retain the pipe line or remove it at the cost of the

Licensee.

(11) This agreement shall not be assigned or in any manner transferred, without

the written consent of of the Railway Company.

(12)' Until terminated as hereinbefore provided, this agreement shall inure to the

benefit of and be binding upon the legal representatives and successors of the parties

respectively.

In Witness Whereof, the parties hereto have executed this agreement in

, the day and year first above written.

Witness:

By

Witness:

By

Appendix D

(6) FORM OF AGREEMENT FOR STORE DOOR DELIVERY

W. G. Nusz, Chairman, Sub-Committee; J. S. Lillie, S. L. Mapes, A. A. Miller, S. S.

Roberts, W. R. Swatosh.

Your Committee has collected a great number of forms from representative carriers

in different parts of the country, now used for store door and L.C.L. freight delivery.

Meetings of the Committee have been held and a tentative draft prepared.

We find that the same subject has been assigned to a sub-committee of the Western

General Managers Association and we are cooperating with this sub-committee as far as

possible, in an attempt to present a form of agreement acceptable to both associations.

Until this cooperative work is farther advanced, your Committee is not prepared to

submit a form of agreement.

It is recommended that the subject be continued.

Appendix E

(7) FORM OF AGREEMENT FOR RAIL-AIR SERVICE

W. M. Post, Chairman, Sub-Committee; J. P. Hanley, B. Herman, S. S. Roberts, J. S.

Thorp.

Long distance rail-air service was first established in 1929. The Transcontinental

Air Transport Company, Pennsylvania Railroad and Santa Fe Railway, provided a coast

to coast service as follows:

Rail—New York to Port Columbus (Columbus, O.) via P.R.R. (night trip)

Air—Port Columbus to Waynoka, Okla., via T.A.T. (day trip)

Rail—Waynoka, Okla. to Clovis, New Mexico, via Santa Fe (night trip)

Air—Clovis, New Mexico to Los Angeles. Cal., via T.A.T. (day trip)
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This service necessitated positive connections between train and plane and vice versa.

Appropriate traffic and operating understandings were reached and joint rail-air tickets

were sold by both the railroad and the air line.

No special agreement was necessary for division of revenue; the rail portion was

based on rail tariffs, the air portion was based on air tariffs. For the service performed

at rail ticket offices an agreed-upon percentage was paid by the air line to the railroad

company. As to terminal facilities, the airports were provided by the air line, the rail-

road company used existing terminals, or in certain cases established stations on their

line adjacent to airports to accommodate this business.

The railroad advertised this joint service in substantially the same manner as they

advertised joint service with connecting rail lines.

Since 1929 the cruising speeds of passenger transport airplanes have increased from

125 to 200 miles per hour. The construction of lighted airways has permitted more

night flying. The result has been that rail-air service has progressively declined, with the

result that at the present time the use by the traveling public of rail and air is not con-

centrated at any one point in such volume as to warrant the negotiation of any partic-

ular agreements, and the travel simply transfers from one means of transportation to

another. There is no joint use of facilities as is the case in joint rail service provided

by two railroads.

As there is now no joint use of facilities as was the case in 1929, the Committee is

of the opinion that the assignment should be discontinued.



REPORT OF COMMITTEE XIII—WATER SERVICE, FIRE
PROTECTION AND SANITATION

R. C. Bardwell, Chairman;
W. M. Barr,

R. W. Chorley,
R. E. COUGHLAN,
W. L. CURTISS,

J. H. Davidson,
B. W. DeGeer,
R. N. Foster,

C. H. Fox,
W. P. Hale,

J. P. Hanley,
A. W. Johnson,

H. F. King,
C. R. Knowles,

J. J. Laudig,

O. E. Mace,
M. E. McDonnell,
W. B. NiSSLY,

A. B. Pierce,

W. A. Radspinner,

O. T. Rees,

C. P. Richardson,
H. L. RoscoE,

J. A. Russell,

E. M. Grime, Vice-Chairman;

H. E. SiLCOX,

D. A. Steel,

R. M. Stimmel,
C. P. Van Gundy,
H. W. Van Hovenberg,
R. E. Wachter,

J. C. Wallace,

J. B. Wesley,
A. E. Willahan,

J. B. Young,
Committee,

To the American Railway Engineering Association:

Your Committee respectfully reports on the following subjects:

(1) Revision of Manual (Appendix A). It is recommended that the changes and

additions herein be approved for publication in the Manual.

(2) Cause of and remedy for pitting and corrosion of locomotive boiler tubes and

sheets. Progress report.

(3) Value of water treatment with respect to estimating and summarizing possible

savings effected (Appendix B). Progress report.

(4) Methods of malaria control (Appendix C). Complete and presented as in-

formation.

(5)

report.

(6)

dix D).

(7)

Types of lime and soda ash equipment used in water treatment. Progress

Design and maintenance of track pans for locomotive water supply (Appen-

Complete and presented as information.

Methods for analysis of chemicals used in water treatment (Appendix E).

Partially complete with recommendation for inclusion in the Manual.

(8) Progress being made by Federal or State authorities on regulations pertaining

to railway sanitation, collaborating with Joint Committee on Railway Sanitation (Ap-

pendix F). Progress report.

(9)' Disinfectants, fumigants and cleaning materials (Appendix G). Complete and

presented as information.

(10) Review regulations of the National Board of Fire Underwriters pertaining to

protection of railway property (Appendix H). Complete and presented as information.

(11) Review and index reports in past Proceedings and also subject-matter in the

Manual pertaining to railway fire protection (Appendix I). Complete and presented as

information.

The Committee on Water Service, Fire Protection and Sanitation,

R. C. Bardwell, Chairman.

Bulletin 370, October, 1934.
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Appendix A

(1) REVISION OF MANUAL
R. C. Bardwell, Chairman, Sub-Committee; C. H. Fox, E. M. Grime, R. L. Holmes,

A. W. Johnson, C. R. Knowles, A. B. Pierce, C. P. Richardson, J. A. Russell, J. C.
Wallace.

The plan on page 940 of the 1929 Manual, showing details for lugs to be used on

standard round hoops applied to 50,000 and 100,000 gallon capacity standard wood water

tanks, does not show sufficient information to permit ready manufacture. This plan has

been checked and revised to show all necessary dimensions and is presented herewith as

Fig. 1.

It is the recommendation of your Committee that the present plan showing standard

tank lugs appearing on page 940 of the 1929 Manual be eliminated and replaced with the

revised plan with details shown in Fig. 1.

The chart showing quantity of pure reagents required to remove one pound of

incrusting or corrosive matter from water, appearing as Table 1 on page 927 of the

1929 Manual, is based on the use of calcium oxide or lump lime. This chemical has been

replaced for use in railroad water treatment at the great majority of complete lime-soda

ash water softening plants with hydrated lime due to convenience and economy in

handling and storing.

With this in view, it is considered advisable to revise this table and base the infor-

mation shown on the use of hydrated lime. It is the recommendation of your Com-
mittee that the information shown as Table 1 on page 927 of the 1929 Manual be elim-

inated and replaced with the following table giving data for hydrated lime instead of

common lump lime.

Table 1

Quantity of Reagents (100 per cent Hydrated Lime and 100 per cent Soda Ash)
required to remove one pound of incrusting or corrosive matter from water, and resulting

changes in alkali salts.

Incrusting or Corrosive Substance
in Solution

Sulphuric Acid
Free Carbon Dioxide Gas
Calcium Carbonate
Calcium Sulphate
Calcium Chloride

Calcium Nitrate

Magnesium Carbonate . .

.

Magnesium Sulphate
Magnesium Chloride
Magnesium Nitrate

Pounds of Reagent Required

0.76 lime plus 1.08 soda ash

1.68 lime

0.74 lime

0.78 soda ash

0.96 soda ash

0.65 soda ash

0.88 lime

0.61 lime plus 0.88 soda ash

0.78 lime plus 1.11 soda ash

0.50 lime plus 0.71 soda ash

Increase in

Alkali Salts

1.45 pounds
None
None
1.04 pounds
1.05 pounds
1.04 pounds
None
1.18 pounds
1.23 pounds
1.15 pounds

Note.—Since lime and soda ash are commercial chemicals and are not 100 per cent pure, the above
factors for these chemicals must be divided by the percentage of purity of the material used.

The information on zeolite treatment of water for locomotives as approved by the

Association at the 1930 Convention and appearing as supplement to the Manual on

pages 65 and 66 of Bulletin 327 dated July, 1930, is not considered sufficiently complete

and it is further desired to make some changes in the subject matter.
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It is therefore the recommendation of your Committee that the following informa-

tion on Zeolite Water Treatment be substituted for the material under the heading

"Zeolite Treatment of Water for Locomotives" appearing as supplement to the Manual
on pages 65 and 66 of Bulletin 327, dated July, 1930.

ZEOLITE WATER TREATMENT

Zeolite is a sodium aluminum silicate found free in nature and also manufactured

synthetically. It has the peculiar property of exchanging its sodium for the calcium and

magnesium when a hard water is passed through a bed of the mineral and of again ex-

changing these hardness ingredients for sodium when the zeolite bed is regenerated with

sodium chloride. In this regeneration process, the calcium and magnesium are washed

out in the form of soluble chlorides. The sodium chloride (common salt) requirement

is approximately one-half pound per grain of hardness per thousand gallons to soften

water to practically zero hardness.

Some of the advantages of zeohte treatment may be stated as follows:

(1) The removal of hardness is practically complete and the treated water will not

cause post precipitation in pipe lines or locomotive injectors.

(2) The waste product is in solution and therefore readily disposed of in the ordi-

nary sewer.

(3)' The softened water, if otherwise pure for drinking purposes, while not quite

as palatable as before, is not otherwise changed, whereas other industrial methods of

complete softening sometimes render the water objectionable.

(4) The salt required for regeneration is easy to handle and creates no objectionable

dust such as from lime or soda ash, making it possible to locate this type of plant in

buildings used for commercial purposes.

(5) Space being available, the plant can be located in an existing building with the

minimum of changes.

(6) The operation of a zeolite plant is simple and there is small liability of irregular

results.

(7) Waters low in hardness, but where softening is desirable, can usually be handled

at less cost by zeolite treatment than by other methods.

Some of the disadvantages of zeolite treatment may be stated as follows:

(1) Waters to be softened by this process must be practically clear, or at least the

turbidity should preferably be not over twenty on the Jackson scale.

(2) Waters containing iron and manganese in excess of one-quarter of a grain per

gallon, are not suitable for zeolite softening without prior treatment.

(3) Where the natural water is high in soluble salts, zeolite treatment may be

impracticable by reason of increasing the salt content with consequent increase in tendency

for foaming.

(4) Where conditions are such that caustic alkalinity in the treated water has been

found to be the remedy for pitting and corrosion, it is not definitely known that zeolite

treated water will accomplish the same purpose. Cases have been noted where waters

having a high initial hydrogen-ion concentration and already naturally corrosive have

been made more corrosive by this process.

From present knowledge and experience, it appears certain that zeolite treatment

has a place as one of the important methods of locomotive water softening and that it

is one which should always be given consideration before a definite decision is reached

as to the type of plant to be used.

For more detailed description of the zeolite method, consult Vol. 31, 1930, of the

Proceedings, pp. 450-463.
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Appendix B

(3) VALUE OF WATER TREATMENT WITH RESPECT TO
ESTIMATING AND SUMMARIZING POSSIBLE SAVINGS
EFFECTED

R. E. Coughlan, Chairman, Sub-Committee; W. M. Barr, R. W. Chorley, J. H. David-

son, B. W. DeGeer, R. N. Foster, J. P. Hanley, R. L. Holmes, H. L. McMullin,

0. T. Rees, C. P. Richardson, R. M. Stimmel, J. B. Wesley, H. W. Van Hovenberg.

The work of your Committee during the past year has been confined to an effort

of determining the value of water treatment along only the following four definite lines:

(!)• In the reduction of corrosion of boiler metal and the pitting of boiler flues.

(2) In the extension of the boiler washout period.

(3) In extending locomotive runs, and more complete locomotive utihzation.

(4) In the extension of time for flue renewals granted by government inspectors.

1. A canvass was made of Class one railways. This shows that on practically all

of the railways which have adopted some form of water treatment, the program has

resulted in a reduction of from SO to 70 per cent in corrosion and pitting formerly ex-

perienced on such railways. Oftentimes this program of water treatment has been sup-

plemented by the abandonment of a number of poor and corrosive water supplies.

On several of the railways specific treatment is appUed in addition to water softening

for the purpose of eliminating corrosion. The actual elimination of this trouble, which

can be credited directly to water softening, is difficult to determine. It is the opinion of

the Committee that water softening, especially where a proper alkalinity is used has a

definite value in the ehmination of corrosion.

2. The consensus of opinion of the Committee is that water treatment, together

with the proper program for blowing of boilers has decidedly reduced the necessity of

washing boilers more frequently than required by Federal regulations. Because of the

fact that the water in the boiler does not have the former chance of cooling down, and

the boilers are not open and washed frequently sometimes with cold water, there has

resulted a decided extension of the life of fire boxes. This extended life of fire boxes

has resulted in gratifying savings to the railways.

It is true that some railways have shown in the past that it is possible to operate

boilers thirty days on untreated water, but such records as are available where such con-

ditions are in force do not indicate an extended life of the fire box. On the contrary,

the hardness in such water has materially shortened the life of the fire boxes. It is also

true, especially at the beginning of the water treatment program installed on some rail-

ways which up to such time had been using untreated water, that washing of boilers

was apparently necessary at more frequent intervals than when these railways used hard

water. This was due primarily to the fact that the treated water was loosening up the

old scale, and the engine crews were unfamiliar with the operation of locomotive boilers

using treated water. When this old scale was removed and the engine crews became

familiar with the action of treated water in locomotive boilers, the extended washout

period was made possible.

3. One of the most important factors to be considered when locomotives are oper-

ating through terminals over more than one division, is the quality of water. Where

complete water treatment is installed it has been found that, due to the same quality of

water being supplied over different districts, it is possible to operate locomotives over

extended territory with no trouble. Practically all of the railways equipped with water

softening facihties have increased the locomotive runs from an average of 150 miles to

an average of 450 miles. The elimination of engine house expense resulting from this

practice shows large savings. "-'
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In this same connection, it is now generally found that the locomotive after com-

pleting such long runs are in condition to be turned on short time, with but little atten-

tion given to the boilers.

4. The use of softened water has continued to show the possibility of government

extensions of flues beyond the four-year limit. While it is the opinion of some of the

railways which operate the extended washout period that this operation of boilers is

directly responsible for these extensions, it is the consensus of opinion that the economical

extended washout period is not possible without suitable water being supplied to the

boilers. The factors considered by the government inspectors when granting such exten-

sions are the cleanliness of the flues, the general condition of the boilers with reference

to scale and corrosion, and the water supplied to such boilers.

Extensions granted by the government beyond the four-year period result in vary-

ing savings to the railway, depending upon work found necessary on the boilers when
the flues are removed. If the number of one year extensions granted by the government

inspectors on all of the railways is multiplied by such savings, it will be readily seen

that the total savings to the railways from this practice amounts to a considerable sum.

Practically all of the railways with suitable water treatment are now obtaining these

extensions.

It is the hope of the Committee that it will be possible to compile more definite

savings reports during the coming year, but in the meantime this is offered as a progress

report.

Appendix C

(4) METHODS OF MALARIA CONTROL
H. W. Van Hovenberg, Chairman, Sub-Committee; W. P. Hale, A. B. Pierce, R. E.

Wachter, A. E. Willahan.

A study made in 1918 of admission of employees to a number of railway hospitals

in the southern states disclosed that about one out of every three medical patients received

treatment for malaria fever. Possibly ten per cent of the railway employees received

hospitalization annually for malaria, with an even greater number getting treatment from

local surgeons or through self-medication. This prevalence of malaria among railway

employees reflected the high malaria rates among the rural and small town populations

furnishing railway labor.

The degree of prevalence of the disease is probably a fair index of the efficiency of

labor. This burden of malaria infection is naturally shared by both the railways and

the employees, the railways by inefficient labor and indirect charges for injuries, and the

employees and their famihes by loss of wages and actual debilitation from the disease.

Possibly the greatest cost of malaria to railways is from the large number of men who
continue to work while infected, perhaps for years, and who return but feeble effort for

their salaries and wages.

The railways obviously carry an indirect burden due to malaria, which is possibly

many times more costly than sickness among employees. This is the loss due to lowering

of output from farm and factory over highly malarial districts, with the attendant loss

of purchasing power for goods that would be shipped into these areas.

The St. Louis Southwestern Railway, in 1917, began a demonstration of the feasi-

bility of reducing malaria infection rates among its employees, and in the communities

served by its rails, and in a four year period had reduced employee hospitalization from

the disease by approximately ninety per cent, with comparative figures in a number of

cities that undertook control of the disease under railroad direction. This pioneer work

was followed by hundreds of cities in the south, and by the Missouri Pacific and Rock
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Island Railroads, whose success in reducing the disease among employees was equally as

apparent. Other railroads during the past fifteen years have obtained noteworthy re-

ductions in malaria. The cost of these demonstrations by the railroads can be considered

negligible in comparison with the benefits accruing to the railroads and railway hospitals.

This work of malaria control has been directed by engineers trained in the science

of malaria control methods. These methods were screening of living and sleeping quar-

ters, both permanent and mobile ; drainage of impounded water, and draining and oiling

of streams to reduce breeding areas of malaria mosquitoes; use of quinine; cooperation

and sharing expense with communities in mosquito eradication campaigns; and education

of employees, school children, and adults, in the cause and means of prevention of malaria

by exhibits and lectures. Practically all the cities and towns in the malaria belt have

now found it expedient to spend from a few cents to possibly fifty cents per capita per

year to control malaria and pestiferous mosquitoes. Coincident with these control meas-

ures for malaria fever, many cities and districts out of the malaria belt undertook to

reduce the pestiferous mosquito population in order to obtain comfort in homes, recrea-

tion areas, and business establishments.

A suggested arrangement for the application of malaria control on a railway would

be the employment of an engineer trained in this work, reporting to the office of the

chief operating officer, so that the necessary co-ordination among all departments can be

easily effected. This engineer would then direct the control work through the division

engineering offices, using part or whole time engineers or assistants for direction of local

division projects after schooling these men in the character of the malaria work involved.

Emphasis would be placed on preventing the creation of new mosquito breeding possi-

bilities by proper right-of-way drainage, control of discharge of waste water about ter-

minals, proper elevation of roadway culverts so as to prevent impounding of water up-

stream, proper screening of buildings and outfit cars. One particular duty of the engi-

neering director would be lecturing to em.ployees at safety meetings on the cause and

prevention of malaria and its relation to injuries ; the distribution of literature ; and the

planning of cooperative field control work in mosquito reduction with communities in

which railway employees live in large numbers.

In India and Italy where malaria is particularly severe, the railways have trained

personnel continually improving on methods of control of the disease, as one means of

being able to operate with any degree of efficiency. Our railroads have every reason

these foreign lines have to apply malaria control methods. The same kind of savings

are available.

The control of malaria in many of our cities has been spectacular in that the disease

has been practically wiped out in the course of a few years. Yet our rural population

from which our railroad labor is chiefly recruited is probably as heavily burdened with

the disease as it was fifteen years ago. A recent press dispatch from the Louisiana

State Board of Health reads, "The State of Louisiana is facing a serious problem on

account of the considerable increase in malaria, which is indicated by mortality and
morbidity reports. This situation is alarming when comparison is made with past years.

Not only did the disease increase in amount and severity in well known malarious areas,

but it appears to be spreading, and increasing, in Parishes heretofore considered com-
paratively free from malaria." In the State of Arkansas the deaths from malaria in-

creased 87.8 per cent in 1933 over 1932. Reports for 1934 indicate an even greater in-

crease in the severity of the disease. The railroads in the malaria belt can profitably

adopt malaria control work. They will find it an investment of a high order, and one

in which aside from its humanitarian aspect, they will make countless numbers of friends

among the populations served.
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Appendix D

(6) DESIGN AND MAINTENANCE OF TRACK PANS FOR
LOCOMOTIVE WATER SUPPLY

A Monograph

by

W. L. Curtiss, Mechanical Engineer, New York Central Railroad

Several very interesting and comprehensive reports on track pans are included in

the Proceedings of the American Railway Engineering Association, as follows:

Volume 12, 1911 (Part 3), page 356, contains a report by E. G. Lane, Chairman of

the Sub-Committee, also in the same volume, page 373, H. H. Ross, Assistant Engineer

of the Lake Shore & Michigan Southern (now the New York Central) has a description

of "One pipe circulation method track pan" as installed at Painesville, Ohio.

Volume 14, 1913, page 892, contains a report by George W. Vaughan, at that time

Engineer Maintenance of Way of the New York Central & Hudson River Railroad.

Volume 30, 1929, page 173, contains a monograph by W. B. McCaleb, Engineer

Water Service of the Pennsylvania Railroad. All of these reports are well worth reading,

as they contain a great amount of valuable data relating to the history and development

of the track pan.

The present report gives the experience of the New York Central Railroad in recent

years in attempting to arrive at a standard design of track pan and engine scoop settmgs.

Different Types of Track Pans
In 1928 several different types of track pans were in service on the New York Cen-

tral Lines, there being a difference in design, width, depth, location in relation to top of

rail, etc. A Special Committee, of which John V. Neubert, Chief Engineer Maintenance

of Way, New York Central Railroad, was appointed Chairman at that time to make an

extensive study of track pan design, and arrangements were made for a series of water

scooping tests at three different pan locations, the purpose of these tests being to deter-

mine

—

First—The proper design of track pan.

Second—The correct location of track pan in relation to the top of rail.

Third—The correct setting of the water scoop in relation to top of rail.

Fourth—The most economical speeds at which to scoop water.

Test Locations

The locations picked out for these tests were the pans at Rome, N.Y., Painesville,

Ohio, and Marshall, Mich., as each of these pans were of different design and construction.

The pan at Rome consisted of two 8-in. channel sections, facing each other, riveted

to a flat plate forming the bottom with a 20-in. opening and 8-in. depth. Top of pan

1-9/16-in. below top of rail with water level maintained J^-in. below top of pan.

Length of pan 1998-ft.

The Painesville pan was of the bent plate type with continuous angle at the bottom

for support along outside edge and a ly^-in. continuous angle along the outside at the

top, with 18%-in. opening and 7-7/16-in. depth. Top of pan was level with top of rail

with water line maintained 1-in. below top of pan. Length of pan 20S8-ft.

The Marshall pan was also a bent plate type with the supporting angle along the

bottom but the l^/a-in. continuous angle at the top was on the inside with an 19-in. open-

ing and top of pan 1^-in. below top of rail with water level ^-in. below top of pan.

Length of pan 2013-ft.
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After the locations were decided on, the equipment and methods to be used in the

tests were carefully studied and programmed, and the tests were conducted in November,

1928.

TEST EQUIPMENT AND METHODS
Train Equipment

The test train consisted of one locomotive, one office car, and four six-wheel truck

steel passenger cars.

The locomotive was a class L-2a, 4-8-2 type equipped with a 15,000 gallon capacity

tender. Previous to the tests the tender was calibrated every tenth of an inch for water

capacity. Each corner was stenciled in fifths of an inch and a manometer tube placed

there in which height of water level could be observed. Locomotive was also equipped

with loco-valve pilot complete, to indicate and record both speed and cut-off.

An electrical contact on the scoop, recording through a bulb on the tender, indicated

when the scoop was in full "down" position. Tender was also equipped with valves in

bottom so as to drain water from tender in preparation for each test ; another method

used to drain tender was to use boiler feed pump with outlet in feed line.

The water scoop, which is standard equipment on this class of locomotive, was of

the Lake Shore type.

Two stop watches were necessary, one to obtain the average speed of locomotive over

track pan and the other to determine duration of time the scoop was in lowered position

or picking up water.

Scoop gages were used to check each setting of the scoop when lowered to the various

positions below the rail.

The office car was used by test crew for compiling data and the four coaches mainly

for braking power.

Track Pan Equipment
Five manometer tubes were placed at each pan, spaced approximately the same dis-

tance apart, for use in obtaining the height of water level.

The track pan gages used to determine water scoop clearances were constructed of

rectangular strips of ^-in. leather set in a metal or wood gondola shaped frame.

The water capacity of each pan was calibrated for every 1/16-in. in depth, by cal-

culation from actual field measurements.

Previous to making the tests, the track pans had been placed in good alinement and

surface.

PERSONNEL AND DUTIES

The engine crew consisted of a Locomotive Engineer, Fireman and Road Foreman

of Engines. The engineer was instructed regarding desired speed for each test and full

boiler pressure was maintained by fireman during the test. The fireman also operated

the scoop.

The train crew consisted of a conductor and at least two trainmen, and a train-

master supervised the movements of Test Train.

The locomotive test crew consisted of two Special Apprentices, one Machinist Ap-

prentice and Test Engineer. Their duties were to obtain water level readings at each of

the four corners of the tender, the rate of speed over pan by means of a stop watch, and

duration of scooping period, also to make necessary adjustments or repairs to the scoop

when needed.

Each day two apprentices or engineers acted as calculators in the office car and

checked approximately the data for each run to determine if check runs were necessary

to fill the required quota of tests.
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The work on the ground at the track pan required five men as manometer tube

observers to read high and low water levels in pan. An Engineer recorded all data taken

at the track pan. Four men placed torpedoes, and observed and measured distance, while

scoop was in operation. Another Engineer obtained data regarding the pan gage for water

scoop clearance.

The writer had direct charge of the entire test.

TESTS AND TEST PROGRAM

Tests were made at the three different locations as follows

—

Rome, N.Y. On the west bound track with scoop set at 43/2-in., SJ^-in. and 6J^-in.

below the top of rail at speeds of 35, 40, 45 and 55 miles per hour respectively.

Painesville, Ohio. On east bound track with scoop set at 454-in. and 53^-in. below the

top of rail at speeds of 35, 40, 45 and 55 miles per hour respectively. In addition,

a few runs with 5^-in. setting were obtained at approximately 58 miles per hour.

Marshall, Mich. On west bound track the same program was followed as at Rome except

the omission of the 4}/^-in. scoop setting. A few additional runs were made at 60

miles per hour with the 6J/2-in. setting and 65 miles per hour with the Sy^-in. setting.

Test Methods
When all was in readiness for a test, readings were obtained of the water levels in

the tender in inches (the average height maintained was about 25 inches). Then on a

signal from the Test Engineer, the train was started and accelerated to the desired speed

(determined as closely as possible from the loco-valve pilot indicator in cab), before

reaching the track pan approach. At this point a signal was given by the foreman in

charge of the manometer tube observers to take readings of the water level in the pan,

at each of the five stations.

When the engine and tender were over the pan, the fireman worked the operating

lever, dropping the scoop and it remained in the scooping position as near the full length

of the pan as possible. Time during which scoop was down was obtained with a stop

watch by an observer on the locomotive. He received his indication when scoop was

in full "down" position by means of an arm attached to the scoop which made contact

in an electrical circuit and lighted a bulb placed on the tender. The speed was obtained

by another observer in the cab with a stop watch who timed the interval between two

torpedoes placed J4 i^ile apart on the rail along track pan.

The distance scoop was in "down" position, was determined by track observers who

noted the exact point at which the scoop entered and left the water.

The scoop was raised just before arriving at exit of pan and test train was then

stopped and readings of water level at four corners of the tender were again obtained.

Readings of water level at the five track pan stations were again obtained after water

had become level and before pan was refilled.

Before start of any individual test run, the boiler was pumped to almost a full glass

of water and none pumped into boiler during run. During all tests the valves which

control the refilling of the pan after scooping, were operated manually in order to insure

height of water for each test. After the required speed had been obtained the throttle

and reverse lever were maintained in one position to insure constant speed while scoop-

ing. The scoop mechanism was examined frequently for defects and settings were checked

every two or three runs.

Preceding a test run a track pan gage for scoop clearance, with yellow paint applied

to leather portion, was placed in the bottom of the pan at right angles to the direction

of travel. The scoop in striking the leather left a clear impression, making it possible

to determine the clearance between scoop and pan. For the early runs at Rome, a wire
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gage was used instead of a leather gage, but was discarded in favor of the leather, on

account of accuracy. Indirectly the gage provided a check on the calculated immersion

of the scoop in the water.

A series of 91 tests were made with this special testing outfit and a volume of data

and calculations assembled from which the following conclusions resulted:

(1). That where the top of the track pan was placed level with the top of rail,

some of the fittings of the standard scoop would at times ride heavily upon the top angle

of the pan,, indicating that it is highly desirable to locate the pan far enough below the

top of rail to provide reasonable clearance between scoop and pan.

(2). That the highest scooping efficiency, the greatest practical delivery of water

into the tender, and the most uniform results at all speeds and depth of scoop immersions

in the water are obtained when the top angles of the pan are placed inside and turned

inward toward center line of pan, and the open width between these angles is not more

than 19-in. while the water level is maintained as far below top of pan as other limiting

conditions will permit, and the depth of scoop immersion in the water is about 4-in.

(3). That the amount of water delivered into the tender is independent of the

speed, and under the ideal conditions contemplated in these conclusions, with respect to

pan and scoop setting and water level, the efficiency falls off very little between the speeds

of 45 and 55 miles per hour. Above a speed of 55 miles per hour the efficiency drops

more rapidly even under favorable conditions.

(4). That 8-in. is the desirable depth of pan.

(5). That the track pan should be resurfaced whenever any portion is higher than

the standard position by more than -J^-iri.

(6) . That the scoop should be reset whenever the vertical setting checks less than

SJ/2-in. or more than 6^-in. below top of rail, and the center of the scoop mouthpiece

checks more than ^-in. laterally from the center line of track. With maintenance of pan

and scoop within these limits and allowing for a maximum vertical deflection of scoop

of y2-in., it is evident a standard clearance between scoop and bottom of pan of 2-in.

will be maintained.

The data on tests and conclusions of the testing committee were then reviewed at a

meeting of representatives of all departments of the New York Central Railroad on all ter-

ritories where track pans were located, and resulted in the following recommendations

which have since been adopted as standard practice:

(1) That the top of track pans shall be 1-in. below top of track rail.

(2) That the water in the track pans shall be maintained 1-in. below top of pan,

or 2-in. below top of rail.

(3) That the setting of scoop shall be a maximum of 6-in. and a minimum of

S^-in. below top of track rail, which should make a 4-in. immersion in the

water as a maximum.
(4) That the speed restriction over track pans shall be 50 miles per hour.

(5) That all future pans will be 8-in. deep with an opening of 19-in. at the top

with angle turned in or towards the center of pan.

As there were several different types of pans in service at the time the above stand-

ards were adopted, it was arranged that when renewals were made of existing track pans

or new installations made, they were to be of the new design, and in the meantime adjust-

ments were to be made to the existing pans so that the top of pan would be 1-in. below

top of rail, and the scoop when in the lowered or operating position 6-in. below the top

of rail which would give 4-in. immersion in the water, water level to be maintained 1-in.

below top of pan. By this arrangement the locomotives operating over different districts

could all have the same standard scoop setting, and this in time could be increased to

give greater immersion in the water when the 8-in. pans were installed at all locations.
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These adjustments, which in some cases required lowering of the pans and in other

cases, raising them, were completed in 1929 and the scoops adjusted accordingly. All new

pans installed since 1929 are designed to meet the above requirements.

At the present time, the New York Central has 72 pans in service, in 29 different

locations. These run from 1400-ft. to 2500-ft. in length, and are located on tangent

track.

Method of Supplying Water

The method of attaching the water supply piping to the pan entails quite a problem.

The conventional scheme includes a connection to the bottom of the pan and must also

provide flexibility between pan and underground piping to allow for some movement of

track and pan. The allowable rate of flow of water is quite limited, otherwise much
water would be wasted by overflowing the pan at location of inlet.

Some years ago, the New York Central Railroad developed the so-called side inlet

which includes two castings, bolted to the sides of the pan, opposite each other. Each

casting is provided with an oblique water passage delivering water toward the center of

the pan and longitudinally in the direction of traffic. This builds up a head of water in

the center of the pan higher than the sides without overflowing, which together with the

longitudinal discharge accelerates the rate of flow along the pan and permits a higher

rate of discharge. For these reasons, the side inlet offers decided advantages over the

bottom inlet.

The two vertical pipes supplying water to the side inlets are fitted with flanged

rubber joints which provide ample flexibility and have required no maintenance after

several years of service. The conventional metallic sleeve expansion joint formerly used

with the bottom inlet frequently stuck on account of corrosion and was expensive to

maintain.

The fundamental principles underlying the design of pan and accessories as outlined

above and their effect upon the efficiency of operation coincide very closely with the

conclusions reached by the Pennsylvania Railroad and set forth in Mr. McCaleb's mono-

graph appearing in Vol. 30, 1929, page 173, and should serve as a helpful guide to those

railroads which have not had the benefit of years of practical experience.

The extensive reports made to the Association as noted in the beginning of this

report, outline not only the principles of design, but the development and practice on

the various railroads that have installed track pans and with the conclusions formulated

in Mr. McCaleb's monograph and this final report, the subject assigned to this Committee

has been quite completely covered.

Conclusion

It is recommended that this report be received as information and the subject dis-

continued.
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Appendix E

(7) STANDARD METHODS FOR THE ANALYSES OF CHEMICALS
USED IN WATER TREATMENT

R. M. Stimmel, Chairman, Sub-Committee; W. M. Barr, J. J. Laudig, O. E. Mace,
M. E. McDonnell, H. L. McMullin, O. T. Rees, H. L. Roscoe, C. P. Van Gundy,
J. B. Wesley, J. B. Young.

SULPHATE OF IRON

L Determination of Insoluble Matter

(a) Procedure:

Dissolve 10 grams of the sample in approximately 100 ml. of cool distilled water.

Filter immediately through a weighed Gooch crucible with an asbestos mat. Wash the

beaker and precipitate with distilled water. Dry the residue at 105 degrees Cent, for one

hour and weigh. The weight of the residue in grams times 10 gives the per cent of in-

soluble matter direct.

2. Determination of Free Acid

(a) Reagents:

1. Ninety-five (95) per cent ethyl alcohol neutralized to phenolphthalein with

sodium hydroxide.

2. 0.01 N sodium hydroxide solution carbonate free.

3. Phenolphthalein indicator solution.

(b) Procedure:

Place 12.25 grams of the sample in a glass stoppered flask. Add 100 ml. of the

95 per cent ethyl alcohol. Shake with rotary motion for about 10 minutes. Decant at

once into a clean dry beaker and filter the decanted liquid through a Gooch crucible

prepared with well washed asbestos. Wash the solid ferrous sulphate in the flask three

times with 25 ml. of the alcohol. Decant into beaker each time and filter. The filtrate

must be clear. Titrate with the 0.01 N sodium hydroxide using phenolphthalein for

indicator.

The number of ml. of 0.01 sodium hydroxide required times 0.004 gives the per cent

of free acid.

3. Determination of Ferrous Sulphate

(a) Reagents:

1. Concentrated CP Sulphuric Acid iron free.

2. 0.1 N Potassium permanganate, standardized with Bureau of Standards sodium

oxalate.

(b) Procedure:

Weigh out one gram of sample. Dissolve in about 200 ml. of cool distilled water.

Add 20 ml. of concentrated sulphuric acid. Cool and titrate with the 0.1 N potassium

permanganate.

The number of ml. of 0.1 normal potassium permanganate required times 1.519 gives

the per cent of anhydrous ferrous sulphate.
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Appendix F

(8) PROGRESS BEING MADE BY FEDERAL OR STATE AUTHOR-
ITIES ON REGULATIONS PERTAINING TO RAILWAY SANI-
TATION, COLLABORATING WITH JOINT COMMITTEE ON
RAILWAY SANITATION

A. B. Pierce, Chairman, Sub-Committee; R. C. Bardwell, J. A. Russell, H. W. Van
Hovenberg.

We have been advised by the Chief Sanitary Engineer of the U.S. Public Health

Service that no new regulations pertaining to railway sanitation are contemplated at

this time.

There were some complaints brought out by the Chief Sanitary Engineer in connec-

tion with dining car sanitation. Frank R. Shaw, of the Public Health Service, presented

a paper in this connection before the American Association of Superintendents of Dining

Cars, October 29th, in New York City. The salient features brought out in the report

covered the handling of oysters and milk on dining cars. Special reference was made to

the report of the Joint Committee on Railway Sanitation.

The U.S. Public Health Service was of the opinion that the railways in general were

complying with their sanitary regulations and that the recommendations set forth in the

report of the Joint Committee on Railway Sanitation, dated November 24, 1931, were

accomplishing the desired results.

The pubHcation of the U.S. Public Health Service dated 1925, covering the permis-

sible limits for mineral constituents, of a satisfactory drinking water, was discussed with

the Public Health Service. It was admitted that the recommendations as published were

not entirely satisfactory, particularly with respect to lead, copper, zinc and caustic alka-

linity. The Chief Sanitary Engineer was of the opinion that restrictions on copper, zinc

and caustic alkalinity might well be modified and that the matter would be given con-

sideration.
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Appendix G

(9) DISINFECTANTS, FUMIGANTS AND CLEANING MATERIALS

W. P. Hale, Chairman, Sub-Committee; W. R. Anthony, J. J. Laudig, O. T. Rees, H. W.
Van Hovenberg, J. B. Young.

The prehminary report on the subject (page 640, Vol. 35 of the Proceedings)

described the general purposes of disinfection, fumigation, and deodorization and their

separate limitations. In this report we have listed the more common products for gen-

eral service on railroads, with descriptions of these products, and methods or directions

for their use.

We will simplify this report by again describing "deodorants" and then take up dis-

infectants and fumigants so that there will be no confusion in the matter of choice when
some specific work is contemplated. A deodorant is a substance that has the power to

destroy or neutraUze unpleasant odors, but is usually without power either as a disin-

fectant or a fumigant. Some substances, however, formalin compounds for example, are

disinfectants that also deodorize by combining with organic matter to form new com-

pounds that are both odorless and sterile.

As was stated in previous reports, considerable confusion exists in determining be-

tween "disinfectants" and "deodorants". There are many volatile oil products on the

market which are sold as "deodorants" but which are merely substances of pungent odor

which are not true deodorants, but simply cover up one smell with another. The

majority of the trade-named products are sold in cake, crystal, and liquid forms, many
of which are listed in this report. The odor of pine is predominant in such products,

though they are procurable in many aromatic odors.

The use of liquid and cake or crystal deodorants has been general on practically all

railroads in the past, the liquid used in connection with "drip" machines in toilet rooms

on trains, and the cakes or crystals in small wall bracket containers in both toilet and

smoking rooms. A better appreciation of sanitation in the past few years has led to

more thorough cleaning of buildings and equipment rather than the disguising of poor

cleaning by covering up odors with deodorants, and a consequent saving in cost of

materials that were both useless and poor sanitation.

Disinfectants

Disinfectants are used to destroy germs and insects, but since a disinfectant is not

necessarily an insecticide it is imperative that the user choose the proper product for the

work on hand. For instance formaldehyde is a powerful germ disinfectant, but is a very

weak insecticide.

In general, the mass of trade-named disinfectants can be divided into four general

classes: coal-tar products, pine-oil products, chlorine solutions, and formaldehyde solu-

tions. The Modified Rideal-Walker phenol coefficients of these various products, as

guaranteed, vary from 0.5 to 20.

The emulsified coal-tar disinfectants are found widely distributed on the market

under a great variety of trade names. They are prepared from coal-tar products and

consist of coal-tar oils and tar acids with soap. The products are generally dark, thick

fluids, which when mixed with water form milky emulsions. In general these products

have the same uses and properties as carboHc acid and compound solution of cresol.

The disinfecting power of such products varies greatly. There is no trustworthy

method of determining their relative values by chemical analysis, so a method of com-

paring them with carbolic acid is used. The power of carbolic acid to kill typhoid fever

germs under certain conditions is determined and then the coal-tar disinfectants are tested
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under the same conditions and their power expressed in comparison with carbolic acid.

This is called the "carbolic-acid coefficient" or phenol coefficient. If the coal-tar disin-

fectant is five times as effective as carbolic acid it is said to have a phenol coefficient

of S, etc. As has been noted, these coefficients vary from O.S to 20 on different products

on the market, and each product is marked with its guaranteed phenol coefficient.

There are several chlorine disinfectants on the market, which are usually sold in

solution and under various proprietary names. These sodium, or calcium, hypochlorite

solutions have been used extensively in disinfecting dairy equipment. These compounds,

in the concentrations usually employed, are effective when applied to clean surfaces, but,

their efficiency is reduced in the presence of organic matter. The value of chlorine in

modern water purification has been described in the preliminary report.

Dry chlorinated lime, also commonly known as "bleaching powder" or "chloride of

lime" is a white powder that gives off the odor of chlorine. The efficacy of chlorinated

lime is largely dependent on the quantity of available chlorine that it contains. The U.S.

Pharmacopoeia requires that at least 30 per cent of chlorine should be present in avail-

able form.

The uses to which chlorine disinfectants may be put are restricted because of cor-

rosive action and their odor. The odor is apt to be absorbed by meat, milk, and other

food. The chlorine disinfectants are not effective against the germs of tuberculosis.

"Cresol", commonly termed "straw-colored carbohc acid", "liquid carbolic acid",

etc., in a 2 per cent solution is an efficient disinfectant. As the disinfecting power of

cresol is dependent on the amount of cresylic acid contained in it, it is essential when

using it to know the degree of purity. Grades can be purchased under a guaranty to

contain from 90 to 98 per cent of cresylic acid. Any containing less than 90 per cent

should be rejected.

Compound solution of cresol (liquor cresolis), is now recognized by the U.S. Pharm-

acopoeia as an official preparation. It is composed of equal parts of cresol (USP) and

linseed-oil-potash soap. It is known as an efficient disinfectant in a 33^ to 4 per cent

solution and has the advantage of mixing readily with water.

"Saponified cresol solution" as prepared by various manufacturers is sometimes used

as a substitute for compound solution of cresol (U.S.P.). It has been approved by

Bureau of Animal Industry, U.S. Dept. of Agriculture and appears in list of permitted

disinfectants, when it meets requirements of riot less than 50 per cent cresylic acid. Free-

dom from excess alkali, and particularly solubility in water are important points in such

solutions.

An aqueous solution containing approximately 40 per cent of formaldehyde and

known as formalin has of recent years become a more or less popular disinfectant.

Formalin is mixed with water in the proportion of 6 ounces to the gallon and the solu-

tion is applied directly to the surfaces or substances to be disinfected.

Several methods have been used for disinfecting with formaldehyde gas. Probably

one of the most simple is to liberate gas by means of the chemical reaction which takes

place when formalin is poured on permanganate of potassium. For each 1000 (cubic)

feet of space 16% ounces of powdered permanganate of potassium is placed in a wide

surfaced pan; 20 ounces of formalin is then poured on it, and the room or space closed

for a period of at least 12 hours. This method is efficient only when it is possible to

seal the room or car tightly and when temperature is not below SO degrees Fahr.

Under regulations promulgated by the Secretary of Agriculture, at present embodied

in Bureau of Animal Industry Order 309, the Bureau is charged with the disinfection of

premises and vehicles which may have become infected by diseased animals in the course

of interstate transportation. Inasmuch as the bureau is held responsible for the results
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of such disinfections, it necessarily possesses the power to prescribe the means by which

the results shall be attained, including the chemical composition and the physical prop-

erties of the disinfectants to be used.

B.A.I. Order 309 specifically states as to when, where, and how cleaning and dis-

infecting of infected cars, boats, yards and premises shall be done and lists the permitted

disinfectants as follows:

"Sec. 6, Par. 1. The substances permitted for use in disinfecting cars, boats, and
premises are as follows;

(a) "Saponified Cresol solution" in the proportion of at least 4 fluid ounces to

1 gallon of water.

(b) Liquefied phenol (U.S.?. strength, 87 percent phenol) in the proportion of at

least 6 fluid ounces to 1 gallon of water.

(c) Chlorinated lime (U.S.P. strength, 30 percent available chlorine) in the propor-

tion of 1 pound to 3 gallons of water.

In general, the application of disinfection would be in the cleaning or handling of:

Toilet bowls and urinals (in buildings and trains)

Cuspidors
Floors and walls

Stock cars, boats and yards

No single disinfectant is appropriate in all cases. Select the proper substance, apply

Uberally, allow ample time for the disinfectant to do its work, and remember that suc-

cess depends in part upon the care and exactness of the person who prepares and applies

the disinfectant.

For the first three items listed, some type of coal-tar or pine oil disinfectant with

sufficiently high phenol coefficient is suggested. This is mixed with water in amounts

as indicated by the strength of the solution, and then simply applied with mop, cloth,

or other means as would a normal soapy water solution. Federal and State regulations

for the use of disinfectants in water used for cleaning prescribe minimum requirements.

For the disinfection of stock cars, boats, and yards, etc., solutions as noted in B.A.I.

Order 309 are required.

Fumigants (Insecticides)

Fumigation is a process of confining a toxic vapor in an enclosed space, thus destroy-

ing insect life in all stages, including eggs, larvae, pupae, and adults. Fumigation properly

done, not only completely eliminates infestation in one short operation but is a clean

process, leaving no odors or bad after effects.

Fumigation is used as a means of conserving materials against insect damage, for

checking the transmission of disease by insects and rodents, and for the improvement of

general sanitary conditions. Insect infestation is always a problem on ships, in homes

and hotels, in stored food products, etc.

Effectiveness is the most important factor to be considered in a fumigant. Its cost

must be low and the fumigant must be capable of doing its work within a reasonable

period of exposure. It must have no effect upon fabrics, furnishing, or merchandise, must

leave no odor, and must be of such nature as to be quickly and easily aerated from a

fumigated space.

The action of insecticides may be considered under three classes: (1) those that

act as general protoplasmic poisons, such as strong acids, alkalies, hydrocyanic acid,

sulphur dioxide, etc.; (2) those that suffocate the insects, such as oily substances; (3)

those that act upon the nervous structures, such as chloroform, ether and other general

anesthetics.
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Another classification considers insecticides under four groups: (1) those used by

contact in liquid form or in solution; (2) those used by contact in dry or powdered form;

(3) those used by contact in vapor form; (4) those used by mixing with food and which

are poisonous when digested.

Insects differ very much in their power to resist insecticides. Those with well devel-

oped chitinous protections such as bed-bugs and roaches, are more difficult to kill than

flies, fleas, and mosquitoes. The most practical of the insecticides for the destruction of

winged insects in an enclosed space are those that may be used in the gaseous state. The

method of killing insects by gases and fumes is called fumigation. This method is also

used in killing vermin, rats, mice, and other small animals, as well as for destroying germs,

though a different type of fumigant is necessary for the latter.

For insects, vermin, rats, mice, etc. the most common fumigant in use is hydro-

cyanic acid gas (HCN). It kills roaches, bed-hugs, mosquitoes, fleas, flies, rats, mice,

and other vermin with great certainty and very quickly. HCN also kills insect eggs,

which sulphur dioxide and other gases fail to do. HCN is not a germicide. This gas

has a distinct place in the fumigation of granaries, stables, ships, barns, outhouses, rail-

road cars, and other structures infested with vermin. It is also used extensively in flour-

ing mills against weevils, in railroad cars against bed-bugs, and in warehouses against

insects in general. It should be used in the hotel or household only with the greatest

precaution, as the least carelessness with it may m.ean the loss of human life. It has the

distinct advantage that it does not harm metals, fabrics, or pigments. Highly porous

material is very rapidly penetrated by this gas. A comparatively short stay in the open

air will remove most of the gas from fumigated articles, however. An hour's airing, for

example, renders a mattress safe to sleep upon, unless an extra heavy concentration of

gas has been used.

Hydrocyanic acid gas is not injurious to the vast majority of the articles of com-

merce. This is a very important consideration and one of the dominating ones in the

establishment of this gas as a fumigant. In the concentrations used for ship fumigations

to kill rats it is not injurious to any known material, including such delicately flavored

commodities as tea and tobacco. In heavier concentrations (10 ounces per 1000 cubic

feet) it is injurious to deUcate vegetables, such as lettuce and probably bananas, inter-

fering with the ripening process.

Because only small amounts are required, hydrocyanic acid gas is a cheap fumigant,

probably the cheapest effective fumigant known.

Hydrocyanic acid gas is used as a fumigant in one of three ways;

(1) It is generated on the premises.

(2) It is supplied ready prepared as a liquid in steel cylinders, from which it is

forced by air pressure and introduced as a fine spray, which at once evaporates.

or, (3)' It is supplied as a solid which is spread on the floor. This solid form may

be liquid HCN absorbed in an inert material, from which it evaporates, or it may be

calcium cyanide powder, which absorbs moisture from the air and generates HCN.

(A) Generation Methods

(1) Hydrocyanic Acid Gas generated by adding sodium cyanide to SO per cent

sulphuric acid.

(2) Hydrocyanic Acid, Cyanogen Chloride Mixture.—The gas is generated by

adding sodium cyanide and sodium chlorate to 50 per cent hydrochloric acid.

(3) The same as the hydrocyanic acid-cyanogen chloride mixture, except that the

sodium cyanide and the sodium chlorate are ready mixed with sand and other more or

less inert ingredients in the form of briquettes, which are dropped into HCl.
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(B) Hydrocyanic Acid in Liquid Form—Introduced as a Spray

(4) Liquid Hydrocyanic Acid in heavy steel cylinders. Forced through a hose

and out a spray nozzle by air pressure.

(C) Hydrocyanic Acid Gas in Solid Form Permitted to Evaporate

(5) Liquid HCN absorbed in Fuller's Earth. Packed in heavy cans.

(6) Liquid HCN absorbed in unsized wood pulp or paper discs. Packed in heavy

cans.

(7) Calcium cyanide, a fine powder, packed in heavy cans.

Of these various preparations the most effective is the hquid hydrocyanic acid. It

is also the most dangerous to use, both to the fumigators and the innocent bystanders.

The ICC requires it be shipped only in heavy steel cylinders, the size usually employed

holding 75 pounds.

The other listed dry cyanide preparations are somewhat less effective in equal

amounts, but far more easily and safely handled. The simplicity of the use of these is

quite apparent. A person merely takes the fumigant, in cans of convenient size, into

the building, opens them, spreads out the contents, and goes out, closing the door behind

him. After fumigation, the residue is swept up and thrown into the trash.

The question as to the cumulative or non-cumulative effect of hydrocyanic acid gas

has arisen from time to time because of the world wide and varied use of this fumigant.

Numerous experiments have shown that a considerable time elapses after unconsciousness

has been produced and before death occurs. Removal from the toxic atmosphere during

this period is usually followed by recovery with no injurious after effects.

Sulphur is another insecticide fumigant. It may be used either as a gas or in its

powdered form, flowers of sulphur.

Sulphur dioxide is destructive to all forms of life. It will kill mosquitoes, flies, fleas,

roaches, bed-bugs, and all kinds of vermin, including rats and mice. It cannot be de-

pended upon, however, to kill the eggs of the insects. It is a rather feeble germicide.

It diffuses poorly, and has weak penetrating power, and requires expensive and cumber-

some apparatus, and much labor. It is rather slow and there is some risk of fire. It is

further limited in practice because of its corrosive action in the presence of moisture,

due to sulphuric and sulphurous acid produced. However, the dry gas is quite as poi-

sonous to mosquitoes, etc., as the moist gas. Sulphur dioxide tarnishes metals, rots

fabrics and bleaches pigments,—especially when moist,—and causes spoiling of various

fruits and vegetables.

Sulphur dioxide may be produced by burning sulphur or by liberating liquefied

sulphur dioxide. Two pounds of sulphur burned for each 1000 cubic feet of space and

an exposure of two hours are sufficient to kill mosquitoes, flies, and other insects in a

tight space. Three to four pounds and exposure of six hours for rats and mice are ample.

In preparing for fumigation with any one of the cyanides listed above or with any

other fumigant the room or car should be made reasonably tight. Close all windows and

ventilators. Seal by pasting paper over cracks around windows, ventilators, doors, and

over cracks in walls. Stop up stove pipes with paper or sacking. A flour and water

paste is convenient for seaHng. Nothing need be disturbed for the fumigation. Where

rats or mice are known to be in the walls or under the sills, do not stop up inside open-

ing, these animals, when they smell the gas, will try to get into the more open space for

air and will not die inside the wall.

No fumigations should be undertaken on windy days, because leakage of gas will

occur even in tight structures.
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As most insects become inactive at temperatures between SO degrees and 60 degrees

Fahr., fumigations should also not be conducted when the thermometer registers below

70 degrees.

When fumigating with hydrocyanic acid gas discs, the only operation necessary,

after the room or building has been prepared for fumigation is to put on a gas mask,

open the can in which they are packed and scatter the contents in the space to be fumi-

gated, using the amount as required for that space.

When using the hydrocyanic acid gas in inert powdered forms, lay a strip of paper

about 30 inches wide along the entire length of room or car (close to windward side in

case of box cars). Open the can and attach sieve top, shaking the powder out through

the sieve onto the paper, by rolling the can from side to side, to a thickness of about

1/16 inch. During such application, at all times, walk backward towards the exit and

away from the gas. Do not retrace steps over the powder already spread.

A gas mask should be used when fumigating with any toxic chemicals, in order that

the operator may work in comfort and safety. When fumigating large enclosures, a gas

mask must be used both when distributing the fumigant and when opening up the

fumigated space. There is just one treatment for cyanide poisoning, and that is fresh

air and plenty of it.

It will be found generally more satisfactory to purchase hydrocyanic acid gas fumi-

gant in the handy packages that only need be opened with the care described above to

obtain satisfactory results, by following the manufacturer's instructions on dosage and

exposure required for the particular fumigation being undertaken.

General fumigating problems on railroads would include the following for which the

control measures have been described above:

Bedbugs in bunk cars, hotels, etc.

Roaches, silverfish, etc. in eating houses, offices, etc.

Fleas in book vaults.

Flour and grain beetles and weevils in railroad cars, warehouses, boats and
elevators.

Rats and mice in buildings, boats and warehouses.
Pink boll weevils in cottonseed cars.

The latter problem listed above is covered by Federal and, in some instances. State

regulations in which are given approved methods and materials. Copies of these regu-

lations may be secured from Plant Quarantine Boards in States effected.

Cleaning Materials

Ordinary soaps have but limited disinfecting power. According to some scientific

authorities the germicidal power depends on their alkalinity, but other authorities point

out that the free alkali present, even in concentrated soap solutions, is so small in amount
that it cannot exert any disinfecting power whatever.

The disinfecting power of soap solutions is not marked enough to make them trust-

worthy disinfectants, despite their great value as detergents. The most common com-
mercial soaps, especially the colored soaps, are frequently of very poor quality, contain-

ing rosin instead of fat. It has been shovv'n that soaps, even in strong solution and with

long exposure, cannot be depended on to kill the infective agents of typhoid, cholera, etc.

Therefore, soaps alone cannot be relied on for the disinfection of objects and clothing,

but in connection with certain chemicals, and with the mechanical cleansing process which

always accompanies their use, soaps have a wide and varied usefulness in sanitation.

The cleaning action of soap depends on two things. First, the soap when placed in

water causes a slight alkaline reaction which dissolves some of the fat and grease chem-
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ically, and second the soap manages to get around the small particles of dirt and so

lubricates them that they are easily washed off.

There is an increasing demand for liquid soaps,—being very useful in public institu-

tions, railway trains, etc. This use of soft soaps in containers not only prevents the

transmission of disease by the common use of a bar soap, but prevents pilfering of the

soap.

Potash soaps are the most satisfactory for the preparation of these liquid soaps on

account of their greater solubility in water. Where a soda soap is used it is advisable

to include a considerable proportion of castor oil in the stock solution. Other fatty

materials for fairly soluble soap solutions are cocoanut oils, olive oil, linseed oils.

Genuine soft soaps should contain not less than 40 per cent fatty acids. Household

soaps should contain not less than 63 per cent fatty acids and more often 65-70 per cent.

As the term "fatty acids" is interpreted in the soap trade as including rosin acids, it is

obvious that two soaps with identical "fatty acids" content may differ considerably in

quality. One may contain no rosin and the other may possibly be made principally

from rosin. It is better to specify in a soap contract what proportion of rosin is per-

missible.

The largest part of the soap powders now on the market usually consist of mixtures

of soap with soda ash or soda crystals, and cheaper varieties contain sodium sulphate or

talc. The proportion of real soap sometimes falls as low as 5 per cent, but the usual

proportion in a good powder may be taken as about 20-30 per cent, the bulk of the

remainder of the product being water and sodium carbonate in varying amounts. The

water sometimes is as low as 20 per cent and often as high as 50 per cent with the

sodium carbonate as low as 35 per cent or as high as 60 per cent.

An effective cleaner for the removal of milk and milk products from floors, con-

tainers, cars, etc. must be a good solvent for casein and emulsify milk fats readily. Owing

to their greasiness and solid particle content these products adhere closely to any surface

and, unless completely removed, form an excellent culture for the breeding of bacteria.

The cleaner for removing such products should not attack tin coatings or glass enameled

surfaces. It should also rinse easily and leave no film on the surface to serve as a bac-

terial medium. Tri-sodium phosphate and sodium meta silicate are also used effectively

for this purpose.

Many of the pine-oil and coal-tar deodorants and disinfectants are also suitable for

cleaners and as such are widely used on many railroads. These are mixed with water

in the amounts as indicated by the strength of the solution, and applied as would a nor-

mal soapy water solution. Many of these products are harmful to various types of com-

position floors and care should be used in selecting the proper product for the need at

hand. At the same time many of the soaps and cleaning powders, due to strong caustic

or acid, or abrasive content, damage certain types of composition flooring.

The effective cleaning compound should be capable of easily saponifying animal fats,

oils and greases, also readily emulsifying mineral oils and greases. Upon rinsing, there

should be no soapy or greasy film left upon the surface being cleaned. Finally, the

effective cleaner must do its work quickly and economically, in cold as well as hot water.

In general, railroad cleaning problems would consist of the following, for each of

which there is a suitable cleanser:

Floors: Wood, tile, soft and hard mastic, linoleum, rubber, cement.

Glass: Windows, doors, mirrors, kitchen and dining car glassware, desk and
counter tops, etc.

Furniture, varnished walls, counters.

Baggage cars used in handling milk, cream, fish, etc.
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General disinfecting, cleaning of cuspidors, toilet bowls, wash bowls, bathroom
fixtures.

Cleaning of brass hand railings or grills.

The success and economy of any cleanser for any of the above usages depends

greatly on its proper application. Select the proper cleanser for the particular problem,

apply as instructed and proper results will be obtained.

Conclusions

The general disinfecting, fumigating, and cleaning problems on railways are legion,

and for each such type of problem there are available scores of varying compounds or

solutions designed for each purpose. The problem of the railway officer assigned to the

task of carr>'ing out such sanitation work is to select the proper substance for the par-

ticular work which he has at hand,—one which will do the work efficiently, quickly, and

economically.

In this report your Committee has sought to outline the many problems which are

common to the various railroads, indicate a basic requirement for a product suitable for

each such problem, and outline instructions for its efficient and economical usage.
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R. E. Wachter. A. E. Willahan. ^^^
^^^^ ^^^ ^^^^^

. 16 1915 6 779

Acetylene ligiits for stations ^^ 1930 6 1227

Adjusting fire losses 30 1929 6 574

Appraisal of Fire Losses 31 1930 6 1225

Appraisal of Fire Losses 27 1926 6 1063

Aprons-Fire Proof for Fire Walls
^^ 1914 6 710

Area between Fire Walls 28 1927 6 684

Asbestos Shingles 30 1929 23 379

Automatic Electric Oil Pump 33 1932 23 441

Automatic Fire Doors and Windows
35 1934 6 i>^»

Belt Dressing—non static 23 1922 6 812

Breeching for Stationary Boilers . . .
.

• 34 1933 6 701

Building Material—fire resistive qualities ^5 1925 6 463

Built-up Roofing ^^
^^^^ ^^ ^3^_^3g

Car Repair Shop Construction 27 1926 23 298

Car Paint Shop Construction 3^ 1934 23 416

Car Paint Shop Construction 32 1931 23 498

Car Paint Shop Fire Protection
3q 1929 6 561

Cast Iron Smoke Jacks 15 1915 6 776

Chimney Construction 33 1932 6 407-423

Chimney Construction 33 1932 6 423

Chimney Lightning Grounds
35 1934 6 543

Chimney Lightning Grounds
22 1921 6 872

Chimney Linings 33 1932 6 407-423

Chimney Linings ; 23 1922 23 265-273

Cleaning Locomotive Fires 27 1926 6 1185-119D

Clearance of steam pipes 27 1926 6 1084

Clock Service 21 1920 6 ^^^'tii
Coal fires and coal storage •

29 1928 23 583

Coaling station electrical equipment
^^ 1915 5 744

Coaling station fire protection 29 1928 6 932

Cold Storage Lighting 28 1927 6 673

Concrete Building .- • • •
•

26 1925 23 l^""!^^

Construction of Car Repair Shop •

35 1934 23 416

Construction of Paint Car Shops
23 1922 23 ^28-330

Construction of Engine House
23 1922 23 366

Construction of Mill Room 28 1927 23 78

Construction of Oil Houses 33 1932 23 441 &470

Construction of Oil Houses 23 1922 23 362

Construction of Paint Shops 27 1926 23 298

Construction of Paint Shops 25 1924 23 366

Construction of Pattern Shop 35 1934 23 406

Construction of Power Plants 28 1927 23 7.^

Construction of Store Houses . .^ . .
•

•

" ; 23 1922 23 366

Construction of Wood Working Shop ^^ 1915 5 779

Compressed Gas for Lighting Stations ^^ J9l5 5 769

Cooking Range Hood • 26 1925 17 113

Creosoted Timber Fire Risk 29 1928 23 391

Crude Oil Steel Tanks for Storage
^^

^^^^ ^^ ^^_^^

Delivery Fuel Oil to Locomotive ••••••
25 1924 23 68-71

D?kes or Fire Wall for Oil Storage Tanks
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Vol. Year Com. Pages

Dikes or Fire Wall for Oil Storage Tanks 26

Dikes or Fire Wall for Oil Storage Tanks 28

Distance between Fire Walls 27

Doors Fire Resistive 22

Doors for Freight Houses 33

Doors in Fire Walls 15

Doors—Metal Clad for Fire Protection 30
Door—Metal for Fire Resistance 30
Doors—Metal Versus Wood 28

Dumping Fires on Right-of-Way 23

Dust Explosives in Grain Elevators—Cause and Cure. ... 35

Electr

Electr

Electr:

Electr

Electr

Electr

Electr

Electr:

Electr:

Electr

Electr

Electr:

Electr

Electr:

c Equipment for Oil Burners 31

c Equipment for Coaling Stations 29

city for Medium Sized Stations 16

Lighting for Buildings 29

Lights for Freight Houses 16

c Lights in Oil Houses 27

c Lines to Turn Tables 16

Lines to Turn Tables 34

c Lines to Turn Tables 35

c Oil Pumps 30
c Specifications for Blowers 27

c Wiring in Car Shops 27

c Wiring Specifications 27

c Wiring for Sprinkler Systems 30
Elevator Electric Equipment 31

Elevator Electric Equipment 34
Elevator Grain Dust Explosions—Cause and Cure 35

Engine House Construction 23

Engine House Water Lines 27

Engine House Old Construction 33

Equipment Used for Fire Protection 25

Engine Supply Houses 27

Engine Supply Houses 33

Engine Terminal Fire Protection 33

Exposure Hazard 15

FaciUties of Various Roads for Fuel Oil 25

Fire Alarm System for Passenger Car Shops 27

Fire Cleaning of Locomotives 23

Fire Department for Shops 23

Fire Department for Passenger Car Shop 27

Fire Doors and Metal Doors 30
Fire Doors for Pump Houses 29

Fire Door Specifications 22

Fire Door Specifications 23

Fire Doors in Fire Walls 16

Fire Doors—Metal Versus Wood 28
Fire Doors Metal Clad 30
Fire Doors for Freight Houses 33

Fire Dept. Connections for Sprinkler System 30
Fire Escape Live Loads 28
Fire Extinguishers for Freight Houses 15

Fire Extinguishers for Freight Houses 16

Fire Extinguishers for Freight Houses 27

Fire Hazards in Passenger Car Shops 27

Fire Hydrants 23

Fire Hose Sizes and Uses 23

Fire Hose Nozzles or Play Pipes 23

Fire Loss Appraisal 30
Fire Loss Appraisal 31

1925
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Vol. Year Com. Pages

Fire Lanes in Shop Properties , 23
Fire Lanes in Shop Properties 27
Fire Protection 28
Fire Protection Specifications 27
Fire Protection for Buildings 23
Fire Protection for Paint Shops 32
Fire Protection for Passenger Car Shops 27
Fire Protection for Engine Houses 27
Fire Protection for Freight Houses 16
Fire Protection for Freight Houses 27
Fire Protection for Fuel Oil Tanks 25
Fire Protection for Freight and Produce Terminals 34
Fire Protection for Engine Terminals 33
Fire Protection Equipment 23
Fire Protection Equipment 23
Fire Protection Equipment 27
Fire Protection Organizations 24
Fire Protection for Oil Houses 16

Fire Protection for Oil Houses 27
Fire Protection for Oil Houses 28

Fire Protection for Oil Storage 30
Fire Protection for Storage of Waste 28
Fire Protection for Round Houses 27
Fire Protection for Store Houses 28
Fire Protection for Warehouses 24
Fire Proof Buildings IS

Fire Proof Construction Passenger Car Shops 27
Fire Proof Construction of Roof Structures 35

Fire Proof Construction Paint Shops 27

Fire Proof Construction Car Paint Shops 35

Fire Proof Power Houses 35

Fire Proof Freight Houses 27

Fire Proof Rest House 27

Fire Proof Y M C A or Rest House 16

Fire Risk of Handhng Fuel Oil 26

Fire Risk of Old Engine Houses 33

Fire Resistive Materials in Oil House Construction 33

Fire Resistive Materials for Buildings 34
Fire Resistive Materials for Roof Structures 35

Fire Up Stations Protection for Oil 34
Fire Walls in Freight Houses 15

Fire Walls in Freight Houses 16

Fire Walls in Freight Houses 27

Fire Walls—Covers at Ends 16

Fire Walls in Round Houses 23

Fire Walls for Paint and Oil Houses 28

Floors for Oil Houses 23

Floors for Oil Houses and Paint Shops 27

Formula for Non-Static Belt Dressing 35

Formula for Non-Inflammable Varnish Thinner 35

Freight Houses 15

Freight House Construction 16

Freight House Construction 27

Freight House Lighting 16

Flues 22

Fuel Oil—Storage and Delivery 25

Fuel Oil—Storage and Delivery 29

Fuel Oil—Storage and Protection 28

Fuel Oil—Storage and Unloading 26

Fuel Oil—Station Locations 27

Fuses and Torpedoes—Storage 28

1922
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Vol. Year Com. Pages

Glass, Wire foi Fire Protection 28 1927 6 664

Glass, Wire for Fire Protection ii 1932 23 441

Grain Elevators—Dust Explosions—Causes and Cure 35 1934 6 554-558

Grounds for Chimneys 33 1932 6 409-423

Grounds for Chimneys 35 1934 6 543-545

Hardware for Fire Doors , 22 1921 6 887

Heater Fans Using Motor 27 1926 6 1193

Heating Passenger Stations 27 1926 6 1072

Heating Passenger Stations 34 1933 6 690

Hoods for Cooking Ranges 16 1915 6 769

Hoods for Collecting Dust in Grain Elevators 35 1934 6 556

Hofe Hou:e—Definition of 19 1918 6 246

Hose Racks—Stand pipes 15 1914 6 713

Hose Racks—Stand pipes 16 1915 6 755

Hoe Racks—Stand pipes 23 1922 6 897

Hose Racks—Stand pipes 27 1927 6 1064

Hose Reel Specifications 27 1926 6 1157

Hose Reel for Freight Houses 27 1926 6 1064

Hose Threads for Fire Equipment 23 1922 6 896

Hydrants—Fire Protection 23 1922 6 897

Inflammability of Treated Lumber 26 1925 17 113

Installation of Stoves 16 1915 6 774-775

Insurance Rate for Sprinkler System 34 1933 6 694

Lamps—Burning Oil for Stations 16 1915 6 779

Lanes for Fire Department 23 1922 23 366

Lanes for Fire Department 27 1926 23 302

Lighting Specifications 21 1920 6 154

Lighting Specifications 29 1928 6 930-935

Lighting Fixtures for Cold Storage 29 1928 6 932

Lighting for Pump Houses 29 1928 6 935

Lighting for Freight Houses 27 1926 6 1066

Lighting Fixtures for Oil Houses 27 1926 6 1070

Lighting Fixtures for Oil Houses 28 1927 23 79

Lightning Protection for Chimneys 33 1932 6 409-423

Lining for Chimneys 33 1932 6 409-423

Location of Fuel Oil Tank 25 1924 23 69

Locomotive Supply Building 27 1926 23 292

Locomotive Supply Building 33 1932 23 470

Lockers for Rest Rooms 27 1926 6 1071

Losses—Fire Appraisal for 31 1930 6 1225

Mats Under Stoves 16 1915 6 775

Metal Clad Doors for Fire Doors 30 1929 6 559

Metal Doors 28 1927 6 683

Metal Doors for Fire Doors 30 1929 6 558

Metal Doors for Freight Houses 33 1932 6 429

Metal Lamps in Stations 16 1915 6 779

Metal Lockers for Rest Rooms 27 1926 6 1070

Metal Sash 30 1929 6 559

Metal Sash for Round Houses 23 1922 23 330

Mill Shop Construction 23 1922 23 366

Nozzles for Fire Hose 23 1922 6 896

National Fire Protection Association 24 1923 6 690

Oil and Lantern Building 27 1926 23 292

Oil Burning Equipment 31 1930 6 1206

Oil Fire Up Stations for Locomotives 34 1933 23 252

Oil Houses at Store Houses 27 1926 23 312

Oil House Construction 16 1915 6 745
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Vol. Year Com. Pages

Oil House Construction 27 1926 6 1069
Oil House Construction 28 1927 23 78
Oil House Construction 33 1932 23 441
Oil House—Definition of 19 1918 6 245
Oil House Fire Protection 16 1915 6 745
Oil House Fire Protection 27 1926 6 1069
Oil House Fire Protection 28 1927 23 79
Oil House Floors 23 1922 6 871
Oil Lamps in Stations 16 1915 6 779
Oil House Lighting 28 1927 23 79
Oil Reclaiming Lamps 29 1928 23 392
Oil Storage and Location 25 1924 23 68-82
Oil Storage at Round Houses 16 1915 6 745
Oil Storage for Fire Protection 30 1929 23 379
Oil Pumps Electric Type 30 1929 23 378
Oil Stations for Locomotives 27 1926 23 290
Oil Storage for Crude and Fuel Oil 29 1928 23 391
Oil Storage in Oil Houses 27 1926 6 1069
Oil Tank Dike Protection 28 1927 23 81
Opening in Fire Walls 16 1915 6 752
Opening in Fire Walls 27 1926 6 1064
Overhanging Roofs and Fire Walls 16 1915 6 752
Overhanging Roofs and Fire Walls 27 1926 6 1063

Paint Shop Construction 23 1922 23 362
Paint Shop Construction 27 1926 23 298
Paint Shop Construction 35 1934 23 416
Paint Shop Fire Protection 32 1931 23 498
Paint Spraying 27 1926 23 298
Paint Spraying in Car Shops 35 1934 23 416
Paint Storage Construction 27 1926 23 312
Paint Storage Construction 28 1927 23 79

Passenger Coach Paint Shop 27 1926 23 298
Passenger Station Stoves 34 1933 6 690
Pattern Shop Construction 23 1922 23 366
Paved Roadways for Shops 23 1922 23 366
Paved Roadways for Shops 27 1926 23 302

Post Indicator Valve 30 1929 6 572

Power Plant Construction 35 1934 23 406
Power Lines for Turn Tables 16 1915 6 740

Power Lines for Turn Tables 34 1933 23 256
Power Lines for Turn Tables 35 1934 23 405
Protection by Dikes for Oil Tanks 28 1927 23 81

Pumps for Oil 30 1929 23 378
Pumps—House Lightmg 29 1928 6 935

Railway Fire Protection Association 24 1923 6 690
Range—Hoods 16 1915 6 769
Red Lights over Fire Protection Equipment 15 1914 6 713

Red Lights over Fire Protection Equipment 16 1915 6 755

Red Lights over Fire Protection Equipment 27 1926 6 1064
Remodeling Old Engine Houses 33 1932 23 463
Rest House—Construction 16 1915 6 774
Rest House—Construction 27 1926 6 1072
Roofing 15 1914 6 705-709
Roofing 26 1925 6 463
Roofing 28 1927 6 683-684
Roofing Structures—Fire Proof 35 1934 6 552
Round House—Fire Protection 27 1926 23 293
Roofing for Pump Houses 29 1928 6 935
Roofs for Oil Storage Tanks 26 1925 23 142-153
Roofs for Round Houses 23 1922 23 329
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Vol. Year Com. Pages

Roofs for Tool Houses 16 1915 6 746

Roofing—Fire Resistive Value 27 1926 6 1078

Roofing—Fire Resistive Construction 35 1934 6 552

Round House Construction 23 1922 23 328-330

Round House Roofs .

.

16 1915 6 741-742

Round House Roofs 23 1922 23 329

Sash for Railway Buildings 28 1927 6 663

Sash Metal Covered 30 1929 6 559

Sash—Self Closing for Oil Houses 28 1927 23 78

Scuppers for Warehouses 24 1923 6 699

Shields for Stoves 16 1915 6 775

Shingles—Wood Fire Hazard 28 1927 6 683

Shop Fire Department 2i 1922 23 366

Shop Fire Department 27 1926 23 302

Smoke Jacks 16 1915 6 742

Smoke Jacks 21 1920 6 146

Smoke Jacks •: 23 1922 23 333-338

Smoke Jacks 26 1925 23 156

Smoke Jacks 27 1926 23 308

Smoke Jacks 30 1929 6 561

Smoke Jacks 33 1932 23 440

Specifications for Electric Elevators 31 1930 6 1221

Specifications for Electric Elevators 34 1933 6 686

Specifications for Fire Doors 22 1921 6 879

Specifications for Fire Doors 23 1922 6 827

Specifications for Fire Equipment 23 1922 6 789

Specifications for Fire Equipment 27 1926 6 1157

Specifications for Sprinkler Systems 30 1929 6 570

Spraying Paint 27 1926 23 298

Spraying Paint Car Shops 35 1934 23 416

Sprinkler Heads 30 1929 6 572

Sprinkler Systems 30 1929 6 570

Sprinkler System for Car Paint Shop 35 1934 23 416

Sprinkler System for Passenger Car Shops 27 1926 23 302

Sprinkler System for Terminal Stations 34 1933 6 694

Sprinkler System for Store Houses 28 1927 23 77

Size of Hose for Interior Fire Protection 27 1926 6 1157

Stairways for Passenger Stations 27 1926 6 1074

Standpipes and Hose Racks 15 & 1914 & 6 713 & 755

16 1915

Standpipes and Hose Racks 23 1922 6 896
Standpipes and Hose Racks 27 1926 6 1064

Standpipe Specifications 27 1926 6 1157

Standard Fire Hose 23 1922 6 896
Station Stoves 16 1915 6 774

Steam Pipe Clearances 27 1926 6 485-1195
Steel Sash Versus Wood 28 1927 6 664
Steel Smoke Stack Grounds 35 1934 6 543

Storage of Coal 21 1920 6 148-lSl
Storage of Fuses and Torpedoes 28 1927 23 80
Storage of Oil—Fire Protection 30 1929 23 379
Storage of Oil at Oil Houses 27 1926 23 312

Store House—Definition of 19 1918 6 246
Store House—Construction 28 1927 23 75

Store House—Fire Protection 28 1927 23 77

Store House—For Paint 27 1926 23 312

Stoves in Stations
.' 16 1915 6 774

Stoves in Passenger Stations 27 1926 6 1072

Sumps for Reclaiming Oil 29 1928 23 392

Supply Houses for Locomotives 27 1926 23 292
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Vol.

Supply Houses for Locomotives 35
Steel Chimney Specifications 33

Tee Ends and Fire Proof Aprons for Fire Walls 16
Tee Ends and Fire Proof Aprons for Fire Walls 27
Terminal Station Fire Protection 34
Terra Cotta Flue Lining 22
Tests for Sprinkler Systems 30
Tin Clad Doors for Freight Houses 33
Tool House Roofing 16
Torpedoes and Fuses—Storage 28
Turntable Power Lines 16
Turntable Power Lines 35
Turntable Power Lines 34
Treated Timber—Inflammabihty 26

Unit Construction of Concrete Forms 28
Unloading Fuel Oil 26

UNDERWRITERS APPROVAL OF:
Acetylene Lighting System 16
Aprons Fire Proof for Fire Walls 27

Area between Fire Walls IS

Building Lighting by Electricity 29

Car Paint Shop—Fire Protection 32

Chimney Lightning Protection (Label) 33

Chimney Steel Grounding 33

Coal Elevator—Electrical Equipment 29

Compressed Gas Lighting for Stations 16

Dikes of Fire Walls for Oil Storage Tanks 25

Dikes of Fire Walls for Oil Storage Tanks 26
Doors for Freight Houses 33

Dust Collecting Hoods in Grain Elevators 35

Electricity for Buildings 29

Electrical Equipment for Coaling Stations 29

Electrical Equipment for Car Paint Shop 35

Electricity for Freight Houses 16

Electricity for Medium Sized Stations 16

Electrical Equipment for Oil Burners 31

Electrical Specifications for Fan Motor 27

Electrical Specifications for Railway Buildings 27

Elevator Electrical Equipment 31

Elevator Electrical Equipment 34
Electrical Wiring Specifications 21

Electrical Wiring Specifications 27

Fire Department Connections for Sprinkler System 30
Fire Doors 22

Fire Doors 23

Fire Hydrants 23

Fire Hose Nozzles or Play Pipe Specifications 23

Fire Protection Equipment 23

Fire Protection Equipment Specifications 27

Fire Protection in Freight Houses 27
Fire Protection in Car Paint Shops 35
Fire Resistive Qualities of Building Material 34
Fire Wall Construction 27
Fire Walls in Freight Houses IS

Fire Walls in Freight Houses 16

Year
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Vol. Year Com. Pages

Freight House Construction 16 1915 6 7S1

Freight House Construction ' 27 1926 6 1063
Freight House Lighting by Electricity 16 1915 6 754

Freight House Lighting by Electricity 27 1926 6 1066
Freight House Fire Walls 16 1915 6 752

Lighting for Railway Buildings 29 1928 6 930

Metal Clad Fire Doors 30 1929 6 558
Metal Covered Sash 30 1929 6 559
Metal Fire Doors 30 1929 6 558

Motors for Heater Fans 27 1926 6 1193

National Fire Protection Association 24 1923 6 690

Oil Burner, Tank and Electrical Equipment 31 1930 6 1206

Post Indicator Valve for Sprinkler Lines 30 1929 6 572

Railway Buildings Electrical Specifications 27 1926 6 1197

Sash—Metal Covered 30 1929 6 559
Size of Fire Hose in Buildings 27 1926 6 1064
Storage Tanks for Oil Burner 31 1930 6 1206
Sprinkler Heads 30 1929 6 572

Sprinkler Systems 30 1929 6 570
Sprinkler Tests 30 1929 6 573

Standpipe Specifications 27 1926 6 1157

Station Lighting by Electricity 16 1915 6 777

Tee Ends and Fire Proof Aprons for Fire Walls 27 1926 6 1063

Tin Clad Doors for Freight Houses 33 1932 6 429

Vapor Proof Lights for Oil Houses 27 1926 6 1069

Varnish Thinner—Non-inflammable 35 1934 6 558

Vapor Proof Lighting for Cold Storage 29 1928 6 932

Water Station Building Lighting 29 1928 6 935

Warehouse Fire Protection 24 1923 6 699

Waste Storage and Protection 28 1927 23 79

Watchman's Clock Service 15 1914 6 713

Watchman's Clock Service 16 1915 6 755

Watchman's Clock Service 27 1926 6 1064

Water Lines for Engine House 27 1926 23 293

Water Lines for Store Houses 28 1927 23 77

Water Fire Protection Specifications 27 1926 6 1157

Water Fire Protection for Freight Houses 27 1926 6 1064

Water Service Building Construction 29 1928 6 935

Water Service—Pump Houses 29 1928 6 934
Wiring in Car Shops 27 1926 23 302

Wiring in Car Paint Shops 35 1934 23 416
Wirmg Specifications 21 1920 6 154

Wiring Specifications 27 1926 6 1197

Wire Glass Windows—Self Closing for Oil House 28 1927 23 78

Wiring Specifications for Buildings 21 1920 6 154
Wire Glass Windows—Self Closing for Oil House 33 1932 23 441

Windows for Roundhouses 23 1922 23 330
Wood Shingles 16 1915 6 713

Wrought Iron Chimney Grounds 35 1934 6 543

YMCA Buildings—Construction 16 1915 6 774





REPORT OF COMMITTEE III—TIES

W. J. Burton, Chairman; E. L. Crugar, John Foley, Vice-Chairman;
R. S. Belcher, H. R. Duncan, A. F. Maischaider,

W. C. BoLiN, C. F. Ford, F. M. Robb,

H. F. Brown, W. R. Gillam, S. S. Roberts,

R.E.Butler, B.D.Howe, J.W.Tate,
E. E. Chapman, R. M. Jolley, Sverre Thorvaldson,
H. R. Clarke, C. S. Kirkpatrick, W. W. Wysor,
S. B. Clement, J. H. Lauderdale, R. C. Young,
R. L. Cook, L. O. Lower, Committee.

To the American Railway Engineering Association:

Your Committee respectfully presents herewith report covering the following as-

signed subjects:

(1) Revision of Manual.

(2) Extent of adherence to specifications (Appendix A). Progress report.

(3) Substitutes for wooden ties (Appendix B). Progress report.

(4) Tie renewal averages and costs per maintained mile, securing data from re-

ports to Interstate Commerce Commission (Appendix C). Progress report.

(5) Proper seasoning of oak ties, with special i-eference to those grown in Southern

lowlands (Appendix D). Progress report.

(6) Best practice from the manufacture of the tie to its installation in track, col-

laborating with Committee XVII—Wood Preservation. Progress in study—no report.

(7) Economics of the use of ties longer than 8 ft. (Appendix E). Progress report.

(8) Essential considerations in attempting to determine surplus or deferred mainte-

nance of cross-ties from renewal records (Appendix F). Progress report.

(9) Prepare specification for pre-adzing and pre-boring of cross-ties (Appendix G).

Progress report.

The Committee on Ties,

W. J. Burton, Chairman.

Appendix A

(2) EXTENT OF ADHERENCE TO STANDARD SPECIFICATIONS

John Foley, Chairman, Sub-Committee; R. S. Belcher, R. L. Cook, E. L. Crugar, H. R.

Duncan, C. F. Ford, B. D. Howe, E. M. Jolley, J. H. Lauderdale, A. F. Maischaider,

J. W. Tate, Sverre Thorvaldson, R. C. Young.

The resumption of purchases by railroads which had been out of the market for a

year or two resulted in the acceptance of more new cross-ties in 1934 than had been

the case for several years. However, there was no demand in excess of supply to develop

the deplorable competition which subverts inspection standards. In general the specifica-

tions were adhered to so far as sizes are concerned.

Observations were made by sections of the Committee in groups of 2 to 10 rai-mbers

on about 6,000,000 ties of 10 railroads at 6 wood-preserving plants. Less than 1,000,000

of the ties observed represented 1934 inspection. The stocks examined were stacked in

the Mississippi Valley west of the Mississippi River in all cases except one, and the ties

were oak, pine, gum, birch and maple, representing mostly receipts from Missouri,

Arkansas, Oklahoma and Texas.

Bulletin 371, November, 1934.
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The rough manufacture resulting from laclc of practice at hewinR was apparent in

the ties accepted where production had been slopped for a period. Later receipts U,,^

the same sections showed better workmanship.
, -^

, .

Although the inspection of the railroads involved is not uniformly of the highest

standard the poorest is a marked improvement over what was done by the .same rail-

roads several years ago. The work of some of the railroads was almost irreproachable.

Some railroads were careless in the acceptance of large knots and of decayed small knots.

At the commercial wood-preserving plants visited, tics seasoning or already creo-

soted for subsequent sale totalled over a million, and observation of them showed that

they had been selected under the standard specifications.

The storage conditions at the commercial plants were sanitarj' in all cases except one

where a railroad was responsible for the area on which its ties were stacked and where

insufficient drainage had the sill ties and lower layer of ties submerged after a heavy rain-

fall. At one plant a railroad had allowed its ties to remain in seasoning stacks until

they had decayed.

Arrangements already made on the basis of the 1926 specifications prevented some

railroads now receiving ties from applying the 1934 revisions of the standard, but the

latter are gradually going into effect as railroads make new purchases, and those who

are applying them experience no difficulty in obtaining ties which conform to the revised

standard.

While the use of irons of standard shapes to lessen splitting during the seasoning of

ties to be treated has spread, their application seems to be regarded as a matter of minor

importance in some cases, with the result that the full benefit from using them is not

obtained. Sometimes their insertion is delayed until the splitting has started. Some are

driven without regard for the most effective placement. Some are located so close to the

surface of the tie as to induce splitting. Some are hammered first at one of their ends

and start into the ties in a diagonal direction instead of parallel to the axis of the tic.

In some sections of the country, with some kinds of wood, the insertion of irons

before the tie has had any seasoning results in checks which radiate from the iron to

the surfaces of the tie. In such cases, too early insertion may be detrimental, the driv-

ing of the iron being accompanied by the formation of the checks. This difficulty is

only experienced with very green ties. A delay of a two or three weeks is usually suf-

ficient to overcome this trouble and the irons should then be applied before further sea-

soning develops splits.

Appendix B

(3) SUBSTITUTE TIES

A. F Maischaider, Chairman, Sub-Committee; R. E. Butler, S B Clement, W. W.
Wysor, R. C. Young.

Reports from railways making tests of substitute ties:

Atlanta & West Point Railroad
Reported by S. R. Young, Chief Encineer
Date—July 20, 1934.

Loc'^tio^n

'''

I'""^-'
Reinforced Concrete

i:°^^"°" .
Louise, Ga.

Date put in track June 27, 1927
Number put in track 10
Number now in track 8

^^^n^ stone and gravel

Kind of traffic Hitrh' «n,.,.ri u • , ."ign speed, heavy service, freight and passenger.
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Bangor & Aroostook Railroad

Roportod by P. C. Ncwbcgin, Chief Engineer
Date—July 19, 1934.

Name of tie

Location
Date put in tracl<

Number put in track
Number now in track
Kind of ballast

Weight of rail

Kind of traffic

Maine Concrete
Hudson, Me.
10—Dec. 11, 1923
."SO—Aug. 30, 1924
69

63

Gravel
100-lb.*

High speed, heavy service, freight and passenger
* Changed from 8S-lb. rail in 1930.

Inspection of these ties made May 24, 1934, showed that there was no change from

the condition as reported in A.R.E.A. Bulletin 363, page 783. The three or four ties

that showed signs of cracking have not materially changed during the year and are good

for at least another year.

Bessemer & Lake Erie Railroad

Chief EngineerReported by F. R. Layng,
Date—July 30, 1934.

Name of tie

Location
Date put in track

Number put in track

Number now in track

Kind of ballast

Weight of rail

Kind of traffic

Brown
Oakmont, Pa.

1930

ISOO
628
Slag

130-lb.

Heavy service, exclusively freight.

Delaware & Hudson Railroad

Reported bv H. S. Clarke, Engineer Maintenance of Way
Date—July'n, 1934.

Name of tie

Location
Date put in track

Number put in track

Number now in track

Kind of ballast

Weight of rail

Kind of traffic

Dalton Steel tie

All Yards
1927-34

87,768

87,768

Cinder
90-lb.

Yard track with light and heavy switching or storage

use.

Duluth, Missabe & Northern Railroad

Reported by E. H. Dresser, Vice-Pres. & Chief Engr.

Date—July 31, 1934.

Missabe Division:

Name of tie

Location
Date put in track

Number put in track

Number now in track

Kind of ballast

Weight of rail

Kind of traffic

Carnegie Steel ties

Duluth and Proctor

1908
22,380

18,706

Crushed Rock
100-lb.

High speed, heavy service,

passenger & freight.

Kimball Steel ties

Virginia, Minn.
1914
30

30
100-lb.

Gravel
Heavy service, exclusively

freight.
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Iron Range Division:

Name of tie

Location
Date put in track
Number put in track
Number now in track
Kind of ballast

Weight of rail

Kind of traffic

Carnegie Steel tie

Various points

190S
2,000

889
Gravel
80-lb.

Heavy service, exclusively

freight.

Hatch Concrete tie

Two Harbors, Minn.
1923

11

7

Gravel
80-lb.

Heavy service, exclusively

freight.

Elgin, Joliet & Eastern Railway

Reported by Arthur Montzheimcr, Chief Engineer
Date—July 23, 1934.

Name of tie

Location
Date put in track
Number put in track

Number now in track

Kind of ballast

Weight of rail

Kind of traffic

* Linear feet

Bates Concrete
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Linear feet of steel switch ties laid in renewals 471,239

Linear feet of steel switch ties laid in construction 56,576

Total 527,815

Linear feet steel switch ties taken up account renewals 426,437

Linear feet steel switch ties taken up account track retired 59,670

Total 486,107

Linear feet steel switch ties in track July 1, 1934 41,708

Steel Cross-Ties

Number of steel cross-ties laid in track 15,514

Number of steel cross-ties taken up 12,191

Number of steel cross-ties in track July 1, 1934 3,323

Steel cross-ties renewed as follows:

Year Number

1916 50

1917 260

1918 182

1919 453

1920 306

1921 1,165

1922 641

1923 2,620

1924 1,341

1925 262

1926 550

1927 2,399

1928 1,276

1929
1930
1931 529

1932 6

1933 31
1-1-34 to 7-1-34 120

12,191

Los Angeles Railway Corporation

Reported by B. H. Eaton, Engineer Way & Structures

Date—July 17, 1934.

Name of tie McDonald Concrete
Location Los Angeles, Cal.

Date put in track 1911

Number put in track 627
Number now in track 584 •

Kind of ballast Solid concrete

Weight of rail 87-lb.

Kind of traffic Heavy traffic, exclusively passenger.

Newburgh & South Shore Railway

Reported by R. E. Butler, Chief Engineer
Date—July 20, 1934.

Name of tie Carnegie Steel

Location Cleveland, Ohio
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Switch Ties Linear Feet

Date Placed

1907 1181

1908 4433
1909 36044
1910 64065
1911 6388
1912 1782S
1913 10136
1914 41883
1915 38380
1916 29929
1917 6007
1918 1656
1919

1920
1921

1922

1923

1924

1925

1926
1927
1928

1929
1930
1931

1932
1933

Total ! 257925
Number remaining in track

Cross-Ties Ties

Date Installed

1907 450
1908 2600
1909 7882

1910 6018
1911 6040
1912 12513

1913 10126
1914 13969
1915 7792

1916 20662
1917
1918
1919
1920
1921

1922

1923
1924
1925 ...:

1926
1927
1928
1929

1930
1931

1932
1933

Total 88052
Number remaining in tracks

Linear Feet

Removed

426
1066
1707
1850

2815

6079
10268
18145

21378
20474
19158

15750
23644
56496
28910
15386
11536

782

341

168

256379
1546

Ties

Retired

147

226
417
636
787

1549
2242

4009
3563
5690
5718
2323
3268
18485
10650
8117
3946
4212
2037
1280

286

315
13

79916
8136
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Ballast

Weight of rail

Kind of traffic

Crushed slag and cinders

80-90 lb.

Heavy service, exclusively freight.

Pennsylvania Railroad

Reported by T. J. Skillman, Chief Engineer

Date—August 1933.

Mr. Skillman is of the opinion that, since deterioration is going on at about the same

rate per year, a report every four or five years should be satisfactory; hence makes no

report at this time.

St. Louis-San Francisco Railw^ay

Reported by F. G. Jonah, Chief Engineer

Date—July 16, 1934.

Name of tie

Location
Date put in track

Number put in track

Number now in track

Kind of ballast

Weight of rail

Kind of traffic

Clark Applegate
Springfield, Mo.
December, 1914

125

90
Cinders, gravel, chatts

85-lb. 100 lb. in 1933

Heavy service, exclusively freight.

The metal parts of these ties are getting badly corroded, and the lugs holding the

wood fillers are getting weak, and in some instances these lugs are broken off. None of

these ties were removed during the past year, but from recent inspection looks as if a

good many of them will have to be taken out within the next year or two.

Southern Pacific Lines

Reported by E. A. Craft, Engineer Maintenance of Way
Date—July 25, 1934.

Name of tie

Location
Date put in track

Number put in track

Number now in track

Kind of ballast

Weight of rail

Kind of traffic

U. S. Indestructible

Eagle Pass, Tex.

1916
2i

11

Cinder
80-lb.

Main track, light service

There are 22 of these test ties in track, in very good condition. It is necessary to

renew wooden pillars very often which is done by using a piece of wood cut from creo-

soted ties.

Terminal Railroad Association of St. Louis

Reported by H. J. Pfeifer, Chief Engineer

Date—July 13, 1934.

Name of tie

Location
Date put in track

Number put in track

Number now in track

Kind of ballast

Weight of rail

Kind of traffic

Miller

St. Louis, Mo.
May, 1924
100
100
Cinder
100-lb.

Moderately heavy freight and passenger service, me-
dium speed.

The Miller ties, on which we have been making annual reports, were installed in the

track in May, 1924. They are still in the track and in first-class condition, none of them

having been removed and no expense of any kind having been incurred in connection

with them since they were installed.
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Appendix C

(4) TIE RENEWAL AVERAGES AND COSTS PER
MAINTAINED MILE

W. J. Burton, Chairman, Sub-Committee; S. B. Clement, F. M. Robb, S. S. Roberts.

To meet the requests for earlier publication of these statistics, your Committee again

arranged for their publication in the June Bulletin. They will be found on page IS of

Vol. 36, Bulletin 366.

No change has been made in the form of these statistics and it is the intention to

preserve the same form so that year by year comparisons may be made properly.

Attention is called to the density of traffic figures. Use can be made of these in

various studies other than of cross-ties.

Appendix D

(5) PROPER SEASONING OF OAK TIES, WITH SPECIAL REFER-
ENCE TO THOSE GROWN IN SOUTHERN LOWLANDS

C. F. Ford, Chairman, Sub-Committee; R. S. Belcher, E. L. Crugar, H. R. Duncan, B. D.

Howe, C. S. Kirkpatrick, J. H. Lauderdale, J. W. Tate.

Your Committee reports progress. In order to secure certain needed information,

tests of alternate methods of stacking, and of the use of protective end coatings, are un-

der way at seven treating plants located on four railroads in the Southwest. Additional

tests are contemplated.

In general, it is hoped to determine the effect of the method and closeness of stacking

upon (a) checking and splitting, (b) tendency to decay during seasoning, (c) penetra-

tion of creosote, (d) relative net absorption of creosote and (e) tendency to check and

split after treatment and after insertion in track.

These tests will require at least two years before reliable information and recom-

mended practice will be available.

Appendix E

(7) ECONOMICS OF THE USE OF TIES LONGER THAN 8 FEET

H. R. Clarke, Chairman, Sub-Committee; W. C. Bolin, E. E. Chapman, S. B. Clement,
R. L. Cook, R. M. Jolley, L. O. Lower, S. Thorvaldson, R. C. Young.

The use of eight feet as the standard length of cross-ties appears to have resulted

from the fact that a commercial stick of timber, sixteen feet long, could be cut in half

to make two eight foot cross-ties. This length is therefore purely arbitrary and it was

not arrived at by any consideration of the relations between gage of track, wheel loads,

distribution of rail pressures along the length of the tie to the ballast, etc.

From theoretical considerations, and considering only the tie as member of the road-

way structure, it can be shown that the eight foot length is too short. For example, if

we regard the tie as two beams (each of which has one fixed end), it is almost axiomatic

Lhat each beam should be centered under its rail, or in other words, that the distance

from the center of the rail to the end of the tie should equal the distance from the center

of the rail to the middle of the track. For rail having a head 2iX inches wide, this

theoretical requirement would call for ties nearly ten feet long. This length assumes



174 Ties

that effective tamping may be had all the way to the ends of the tie, although the

Stresses in Track Committee has shown that this is impossible, so that an even greater

length would be desirable for true balance each side of the rail. Because of the lack of

this balance the device of not tamping the middle of the length of the tie is resorted to,

a practice which wastes the effective supporting power of a considerable part of the

ballast section.

With the coming of heavier traffic and of heavier rail, most of the larger railroads

east of the Mississippi River adopted ties 8'6" long in place of 8'0" long, and the longer

ties are now standard in certain producing areas. Some western railroads have also

adopted (at least partly) the longer ties. These are being produced alongside of eight-

foot ties in some areas.

It is probable that where almost all production in a given area is of the longer ties,

these do not cost more than the eight foot ties would cost. In such territories, the latter

command a higher price because they must be gotten out special. The longer tie may be

assumed to cost a slight amount more for transportation and more in proportion to its

increased length (i.e., one-si.xteenth) for creosote oil but not for treatment. Costs of

inspection, seasoning, adzing and boring, application of anti-splitting devices, and labor

of insertion in track are not affected. Greater support (because of more effective tamping

at the ends) is given by the same amount of ballast, although to obtain the full benefit

of the longer tie an additional amount of ballast is desirable.

Investigations made by the Committee over a period of several years disclose that

many maintenance of way officers are of the opinion that there are economies in track

maintenance which result from the use of ties longer than 8' and that these justify the

adoption of an 8'6" or longer tie. This applies particularly to important main tracks.

In the 1932 Proceedings, Vol. 33, the results of a questionnaire were summarized

and published. This indicated that the use of ties longer than 8' was becoming more

general, especially in the East and South. In the North and West, the longer tie was

not so generally used. This was probably due to differences in traffic and to conditions

and practices in the respective tie producing territories. Ties 8'6" in length were favored.

The Committee expressed the opinion that further data could be secured which would

permit of establishing reasonably correct limits for lengths and sizes of ties.

Further work by the Committee develops an increasing favor on the part of mainte-

nance of way officers for ties longer than 8' and while the adoption of the longer tie

is not being extended rapidly, this is probably due to temporary financial conditions, and

to the idea that the change would be costly, rather than to failure to appreciate the ad-

vantages of the longer tie. Due to the fact that, on roads where the longer tie has been

standard, the application has been made gradually, it has not been possible to secure in-

formation from which definite figures could be developed.

In 1933 when the Committee suggested the possibility of establishing test sections, it

was hoped that several roads would establish such test sections having ties 8' and 8'6"

long and possibly other lengths, making the installations in such a way that all conditions

would be similar. However, present financial conditions prevent these tests and it has

not been possible to develop definite data as to benefits of longer ties.

In continuing its work on this subject, the Committee has studied the data of the

Committee on Stresses in Railroad Track, and has solicited the cooperation of Dr. Talbot.

As summarizing this information we quote Dr. Talbot:

"In this reply I am assuming that you are considering tie dimensions for sub-

stantial track.

"At various places in the Progress Reports information is given on the action of

ties in track, but no definite conclusions or summarized statements have been given

so far as I remember. In the Second Progress Report (Vol. 21, 1920) detailed data
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were given on the bending and depressions of ties under load in track. (Part IV.

Depression, Flexure and Bearing Pressure of Cross-ties). The tests with ballast

(Part V. Transmission of Pressure in Ballast) give information on the distribution

of pressure over the bottom of the tie. The very great variation in the fiexural

curvature of the ties under load is illustrated in Fig. 46-SS, indicating the consequent

diversity in the places along the tie lengih where the tie receives its main support

from the ballast. My own feeling has been that a thickness of 7 in. is very desir-

able, that 9 in. width is advantageous unless more ties are used per rail length, and

that 8 ft. 6 in. is much better than 8 ft., especially with the larger rail bases now in

use. As implied above, the information in the Second Progress Report and the

variety in the curves of flexure found in the ties, together with the diagrams and the

information on the distribution of the reactions between ties and ballast given in

Part V. Transmission of Pressure in Ballast, are useful as aids to the judgment in

making a comparison of dimensions. Some of my own interpretations of this in-

formation would run somewhat as follows:

"1. A thickness of 7 in. is necessary. A smaller thickness permits the forma-

tion of more of a depression in the ballast bed under the rail by reason of the

flexure of the tie, and this depression in effect provides play between tie and ballast.

As the stiffness of the tie varies as the cube of the thickness, 7 in. thickness is much
stiffer than 6 in. '

"2. The pressure between tie and ballast is not uniformly distributed from edge

to edge of tie or from end to end.
"3. If uniformly tamped from edge to edge, the pressure between tie and bal-

last must be small at the edge of a tie, gradually building up from the edge to a

maximum at some place in the middle portion. (See Fig. 99 and 100 of Second
Progress Report). An increased width would then be expected to result in greater

bearing resistance (the increase in bearing resistance changing more rapidly than the

width) until a width is reached where the tie tamping will not be effective at the

middle of the tie.

"4. In the same way, the end portions of the tie will not be fully effective; the

pressure will vary from little or none at the extreme end to a normal amount sev-

eral inches away, the distance depending upon the compactness of the ballast, the

height it stands above the bottom of the tie at the end, and the amount of the ballast

well away from the end of the tie. It is true, of course, that in many ballast beds

found in track, the real bearing of the tie begins to take effect some distance from
its end. In general it may be said that in well kept track the full bearing resistance

is really not effective before reaching a point four or six inches or more from its

end. Whatever its length, then, the outer part of the length of a tie, while neces-

sary, lacks effectiveness in giving bearing resistance.

"S. It is obvious that the middle part of the length of the tie should have little

or no tamping, so that with the load on the rails and the depression given to the tie

by the load there will be but little bearing resistance developed at the middle of the

length, and not much flexure either.

"6. Under these conditions the full effective bearing resistance of the tie should
be made to extend an equal distance each way from the rail, leaving at the middle of

the tie length a space not in bearing action and developing but little bearing pressure

while under load. This will result in a more uniform supporting resistance at the

two rails and in more evenly divided stiffness in the support of the two rails.

"7. For these conditions 8 ft. length is considered to be too short. Perhaps

8 ft. 9 in. would be a desirable length. My view is that 8 ft. 6 in. is evidently

advantageous.
"In the foregoing discussion reference has not been made to the nature of the

ballast.

"In gravel ballast, it has been found that ties 8 ft. in. long easily become cen-

ter bound under load and that the effective part of the length outside the rail is

insufficient to give a balanced bearing. I feel quite strongly that the addition of 6 in.

will give an increased bearing resistance that is worth much more than the cost of

the added length.

"In broken stone ballast observation and reports indicate that the tamping us-

ually extends a limited distance each way from a rail. Some roads tamp only short

distances each side of the rail, perhaps as little as 10 in. With the natural ineffec-

tiveness of the end portion, even when fully tamped, the effective length of full

bearing resistance outside the rail is quite restricted with the 8 ft. length. As with



176 Ties

the continued settlement of the tie under traffic the part near the end of the tie by
the natural movement of the ballast particles under usual conditions tends to lose

what effectiveness it had when freshly tamped, the load taken by the middle portion
is increased. With a length of 8 ft. 6 in. the gain in bearing resistance of the out-
side portion will be considerable, the total bearing resistance for the track will be
increased, and the distribution of the bearing resistance on the two sides of the rail

will be better balanced. The increase in width of rail base for the heavier rail

(and for two rails) would also call for a somewhat longer tie. My conclusion then is

that the 8 ft. 6 in. length will give a considerable greater bearing resistance and better

balanced bearing pressures than the shorter length in the case of broken stone ballast.

"It may be well to add that the drooping of the slope of the ballast from the
bottom of the tie back from its end, which is quite common, shortens the effective

length of the tie. Carrying the ballast well out beyond the end of the tie to a suf-

ficient height with respect to the tie level is an essential factor in making high-grade
track. To get the full advantage of a longer tie the ballast section should be widened
accordingly.

"It is obvious, of course, that tor heavy traffic maintenance cost may be ex-

pected to be lessened by increasing the bearing resistance of the track, and the length
of the tie is one element entering into the total bearing resistance of the tie and
ballast structure."

It is the opinion of the Committee that ties longer than 8 ft. are economically justi-

fied in heavy traffic lines and that these may be used to advantage on lighter traffic

lines if the cost of the longer tie does not materially exceed the cost of the 8 ft. tie.

The 8'6" tie is most generally favored and with this increase in length the bearing out-

side of the rail will be increased and the distribution on the two sides of the rail will

be more nearly balanced.

The Committee recommends more extensive use of ties longer than 8 ft. and con-

siders 8'6" is a desirable length. The general adoption of the 8'6" tie as standard in any

tie producing area will tend to bring the cost of this tie closely to that of the 8' tie.

Based on the experience of roads which have made the change, the Committee sug-

gests that the uneven tie line which must obtain for a number of years after the change

is not seriously objectionable and this will not outweigh the advantages of the longer tie.

It is also recommended that the ties be centered with the track rather than to at-

tempt to maintain a tie fine with the longer ties. Present specifications limit the varia-

tion in length to one inch, so that with ties centered with the track, a very nearly straight

line will result for both sides of the track.

Appendix F

(8) ESSENTIAL CONSIDERATIONS IN ATTEMPTING TO DETER-

MINE SURPLUS OR DEFERRED MAINTENANCE OF CROSS-

TIES FROM RENEWAL RECORDS

E L Crugar, Chairman, Sub-Committee; John Foley, W. C. Bolin, H. F. Brown, R. E.

Butler, H. R. Clarke, B. D. Howe, C. S. Kirkpatrick, A. F. Maischaider, F. M. Robb,

S. S. Roberts, W. W. Wysor.

The essential considerations in attempting to determine surplus or deferred mainte-

nance of cross-ties from renewals are:

1. The average life of the various classes of ties in use.

2. Maintenance requirements.

In Volume 35, 1934 Proceedings, there is a report of this Committee outlining a

method for predicting normal cross-tic requirements within reasonable limits of accuracy.

In submitting this report your Committee pointed out the fallacy of attempting to com-
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pare renewals per mile, or by any other unit, of one road with another without first

putting them on a comparable basis. It also follows that deferred or surplus ma'nte-

nance cannot be determined by comparing the renewals in one year with those of another

year or the average of several years. The figure representing normal annual renewal re-

quirements is not a constant but varies from year to year as explained and illustrated in

the report in Volume 35.

It was also shown that a change from the use of short-life untreated ties to the use

of longer life treated ties is followed almost immediately by reduction in the annual re-

quirements. These requirements decrease annually for a number of years until they reach

the lowest point of the renewal cycle.

It is evident from inspection of tie renewal records that the longer life ties have

been in use on the majority of roads long enough to bring about a material reduction in

the normal requirements. On some of the roads it is known definitely that the year of

lowest requirements has not yet been reached; on others it is possible that requirements

are now at the lowest point or may even be increasing annually in accordance with the

natural fluctuations which must be expected. Taking all of the roads into considera-

tion, the year of lowest annual requirements has apparently not yet been reached.

The failure of untreated ties is largely due to natural deterioration of the wood,

however, the failure of treated ties is due more to failure by reason of mechanical wear

than to natural causes. With the improved quality of ties now being produced, combined

with a better process of treatment and better protection surrounding the tie in the track,

it can be expected that the average life of ties will be increased. It therefore fol ows

that a decrease in traffic will result in less mechanical wear on the ties and will have the

effect of increasing the service life.

The fact that renewals may be low on one road or a group of roads does not mean

that there is a condition of deferred maintenance. Likewise the fact that renewal rec-

ords show heavy insertions does not mean there is a condition of surplus maintenance.

As a matter of fact, the reverse in each case may be true.

When all of the conditions which affect the normal life of ties remain constant, the

average life of the ties of a specific class will remain constant. In developing the re-

newal prediction as outlined in Volume 35, all of these conditions have been accounted

for in determining the average life of the ties. It is this average life that is used as the

basis in predicting future renewal requirements.

Careful consideration must be given to the following factors in order to arrive at

the number of ties necessary to meet maintenance requirements:

1. The amount and character of traffic handled.
2. Possible reduction of requirements by temporary or permanent abandonment of

tracks, such as the conversion of double to single track lines, abandonment of

side, yard and branch line tracks.

3. Possible reduction in the amount of maintenance necessary on certain tracks due
to diversion of traffic to other lines.

4. Possible necessity for increasing the amount of maintenance due to increase in

traffic, rerouting of traffic, re-establishment of service over lines on which traffic

has been reduced or abandoned.
5. Changes in track structure which will affect the life of the ties.

After the renewal prediction has been adjusted for the effect, among other things, of

the five specific elements mentioned hereinabove, the resulting prediction then repre-

sents the number of ties that normally will be necessary to meet the maintenance require-

ments. The difference between this figure and the number of tics actually inserted repre-

sents, as nearly as may be determined, the amount of either surjikis or deferred mainte-

nance with respect to the normal requirements.
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Appendix G

(9) SPECIFICATIONS FOR PRE-ADZING AND PRE-BORING
OF CROSS-TIES

R. S. Belcher, Chairman, Sub-Committee; H. F. Brown, R. E. Butler, E. E. Chapman,
H. R. Clarke, C. F. Ford, R. M. Jolley, C. S. Kirkpatrick, L. O. Lower, S. Thor-
valdson.

When so ordered, ties shall be adzed, grooved, bored, trimmed and/or branded in

accordance with the following specifications, carried out subsequent to seasoning and

immediately prior to preserving.

Adzing

:

1. Unless otherwise ordered, adzing shall be on the top of the tie, for from 1 ft.

10^ in. to 3 ft. 2% in. from the middle of the tie and for the full width of the

tie. Bowed, checked or split ties which must be used with the bottom up shall

be adzed on the face which will give maximum service.

2. Adzing shall not be deej5er than necessary to give a full and true bearing to tie

plates.

3. Spurs on adz heads shall be set to the same depth as the knives, or not to exceed

1/16 in. deeper.

4. Adz knives and spurs shall be kept sharp and the whole equipment kept in such
condition that adzing will be properly done. The adzed surfaces for both tie

plates shall be in the same plane, and these surfaces shall be fiat to the extent

that a straight edge laid across the adzed portion shall not be more than 1/16
in. from the adzed surface at any point.

Grooving:

5. Grooving shall correspond with drawings furnished and the locations of the

grooves with respect to the spike holes shall be within the tolerances permitted
for spike holes.

Boring :

6. Spike holes shall be bored to conform in size * and location to drawings fur-

nished. Plus or minus 1/16 in. will be permitted in each distance between holes.

The holes shall be centered across the width of the tie in such a v/ay that the
tie plates will center on the tie when the spikes are driven into the pre-bored
holes. A tolerance of J^ in. in the centering of the holes across the width of the

tie will be allowed.

7. When the head diameter of the bits has been reduced 1/16 inch by wear, bits

shall be replaced. Cutting heads of bits shall be sharpened at regular intervals

to insure clean boring.

8. Spike holes shall be bored entirely through the tie from top t.o bottom, except

in the case of ties for use in direct-current electric lines having covered track.

Trimming :

9. Ties shall be trimmed at both ends to specified length as they pass through the

boring and adzing machine.
Machines shall preferably be equipped with devices for centering the ties length-

wise and where machines are so equipped equalizers and guides shall be so set

that an equal amount is cut from each end of the tie. When machines are not
equipped with equalizers, guides shall be set to trim J^ in. from one (line)

end of tie and sufficient from the opposite end to bring to the specified length.

10. Trim saws shall be kept in condition to insure clean trimming.

See Manual (page 134) for recommended sizes of holes.

1
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Branding:

11. Ties shall be branded on ends as they pass through the machine with letters,

figures, or symbols to indicate one or more of the following:

Wood,
Treatment,
Weight rail for which bored.

Year,

Size,

Identity of plant,

Identity of railroad.

12. The height of letters and figures shall be 1.5 in. Dies used for branding shall

have cutting edges % in. wide which shall indent the wood at least % in. deep.
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Duties of Bridge and Building Foremen

(Page 815)

Rule 389 Rule 389

They must, upon completion of any They must, during the progress of any
work, clean the premises of any debris work, keep the premises clean to lessen the

and make proper disposition of usable ma- fire hazard and upon completion of the

terials. work, make proper disposition of the

usable material.

Duties of Mason Foremen

(Page 815)

Rule 399 Rule 399

They must, upon the completion of any They must, during the progress of any
work, clean the premises of any debris, work, keep the premises clean to lessen the

and make proper disposition of usable ma- fire hazard and upon completion of the

terials. work, make proper disposition of the

usable material.

Duties of Painter Foremen

(Page 815)

Rule 410 Rule 410

They must, upon completion of any They must, during the progress of any
work, clean the premises of any debris, work, keep the premises clean to lessen

and make proper disposition of usable ma- the fire hazard and upon completion of the

terials. work, make proper disposition of the us-

able material.

Conduct of Work

Buildings—Construction and Maintenance

(Page 841)

Painting—Rule 1017 Painting—Rule 1017

When painting the interior of station When painting the interior of station

buildings and telegraph offices, care must be buildings and telegraph offices, care must be
used not to paint insulated wires and ca- used not to paint insulated wires, cables,

bles, because of the deteriorating effect of fusable links on fire doors and sprinkler

ordinary paint on insulation. heads.

Maintenance of Other Terminal Structures

(Page 84—Bulletin 337)

Turntables—Rule 1283 Turntables—Rule 1283

Inspection of and maintenance of turn- Before an employee enters a turntable

tables must not be undertaken without pit for any purpose whatever, a red flag by
first notifying the operator. day and a red lantern by night, must be

placed at each end of the turntable and
the flags or lanterns must only be removed
by the man who placed them as a warn-
ing to approaching engines and to the turn-

table operator that there is someone in the

pit and the turntable must not be moved.
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RULES FOR MAINTENANCE OF BRIDGES—WOODEN STRUCTURES

-Addition to Manual, July, 1931)

(Note.—Change is in numbering only)

becomes
becomes
becomes
becomes
becomes
becomes
becomes
becomes
becomes
becomes
becomes
becomes
becomes
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ORGANIZATION CHARTS

Present Form
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ORGANIZATION CHARTS
Proposed Form

MAINTENANCE OF WAY ORGANIZATION
(DEPARTMENTAL)

Track Forces

t 1
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ORGANIZATION CHARTS

Present Form
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ORGANIZATION CHARTS
Proposed Form

MAINTENANCE OF WAY ORGANIZATION
(DIVISIONAL)

Vice President

in charge of
Maintenance

Chief ELngV

M ofW

Ass'f ChiefEnqr

Mof W

Speciol Enqr,

Maintenance
Signal

Engineer

Engineer
of

Bridges

Chief Signol

Inspector

General
Br Insp

General

5upt

Engineer
of

Buildings

5up't
of

Scales

Water
Service
Engineer

Generol

BId'g Insp

Special Enq'r

Build. nqs

Chief Scale

nspector

General

5upt

Sup't

General

5upt

Dist EngV

MofW

Sup't Sup't

Division

Engineer

AsilDiv
Engineer

I

Asit En^r.l

Maintenoncc
Sup'r of
Siqnols

Signol Moint

Signal Forces

I

Supr.of
BondB

ForemonBsB

I SupVof
I

IWorkEquipl

WorkTr Foreman
"rorc^fc

1 1
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Appendix B

(2-B) RULES FOR MAINTENANCE OF TELEGRAPH AND TELE-
PHONE LINES AND APPURTENANCES

W. C. Barrett, Chairman, Sub-Committee; D. P. Beach, F. B. Wiegand.

(The numbers in parentheses refer to Telegraph and Telephone Section numbering)

General

1500 (A-1.) The following rules covering outside communication plant are for the

guidance of maintenance of way employees and are based upon specifications and instruc-

tions contained in the Manual of Recommended Practices of the Telegraph and Telephone
Section. (For details concerning the construction and maintenance of outside com-
munication plant, see Section 1 of the Manual.)

Clearances

1510 (B-1.) Aerial Lines Along Railroads.—All poles shall be set so that the

minimum horizontal clearance of any wire, guy or other attachment will be eight feet

from the outer edge of the nearest main track rail. Under normal conditions with poles

carrying ten-pin crossarms, this minimum clearance will be obtained by setting poles

thirteen feet from the rail.

1511 (B-2.) Where it is impracticable to obtain the clearance specified above, the

poles may be set with a minimum horizontal clearance of eight feet from the outer edge

of the nearest main track rail, but the lowest attachment in such cases shall be at least

twenty-five feet above the rails. Where the poles have a horizontal clearance of from
ten to thirteen feet inclusive, the lowest crossarm should be not less than twenty fe:t

above the rails. The minimum vertical clearance for any crossarms should be ten feet

above the ground.

1512 (B-3.) Poles may be set at a minimum horizontal clearance of seven feet

from the outer edge of the nearest track rail, providing the lowest attachment is at least

twenty-five feet vertically above the rails. At loading sidings space shall be left for a

driveway.

1513 (B^.) At private and farm crossings the clearance shall be such that the

wires or other attachments will not interfere with the free use of such roads. Over
driveways leading to private residences the minimum clearance shall be fifteen feet. At
private or farm crossings used for the passage of wagons and farm machinery a clearance

of over fifteen feet may be necessary. At crossings used only by cattle or pedestrians, the

clearance may be reduced safely to ten feet.

1514 (B-S.) When a cable attachment is made to a metal bridge, the cable and
messenger shall be insulated from the bridge structure. The type of insulating attach-

ment best suited for use in any particular situation will depend upon local conditions,

but in most cases it will be sufficient to support the messenger on wood blocks, clamped
or bolted to the bridge structure.

1515 (B-6.) Trees should be trimmed so as to give at least a four-foot clearance

from all wires. If the trees are not located on a railroad property permission shall be ob-
tained from the owner before trimming. If permission cannot be obtained, the fact

should be reported.

1516 (B-7.) Care should be taken to avoid contact, either direct or by means of
material or tools, with wires on communication pole lines designated by the voltage
marked on the crossarms, a stripe painted on the crossarm or by the use of a different

form of insulator from the others on the pole line.

1517 (B-8.) Telltale poles or other structures should not be erected so as to in-

terfere with communication wires or so as to endanger men working on such structures
by coming in contact with wires.

1518 (B-9.) If poles or wires that are broken obstruct tracks, clear same immedi-
ately, exercising proper care in handling wires to avoid interruption to service on wires
that are intact. If power wires are carried on the line, do not touch or come in con-
tact with any wires except by the use of properly insulated tools.
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1520 (B-10.) Worthless junk, such as scraps of old iron wire, must be buried or

otherwise satisfactorily disposed of. If left around, scraps of wire may be thrown in the

line by persons passing by.

1530 (B-11). Aerial Crossings.—Poles or towers supporting the crossing span

shall, unless physical conditions prevent, have side clearance of not less than twelve feet

from the nearest track rail except that at sidings a clearance of not less than seven feet

may be allowed. At loading sidings, sufficient space shall be left for a driveway. Where
necessary to provide safe operating conditions which require uninterrupted view along the

tracks for signals, signs, etc., the parties concerned shall cooperate to provide greater

clearances than those specified above.

1531 (B-12.) Report all vertical clearances above rails that do not conform to:

(a) The clear headroom between the lowest wire, cable, guy or suspension

strand and the top of rail shall be not less than twenty-seven feet, except where
the wires or cables are parallel in the same highway by a trolley contact con-

ductor at a lower level, the clearance between such wires or cables and the top

of rail may be reduced to twenty-five feet.

(b) Where the distance from the nearest crossing support to the farthest

track rail exceeds seventy-five feet, the clearance specified above shall be in-

creased by two-tenths of a foot for each ten feet in excess of seventy-five feet:

provided, however, that the above distance from the nearest pole to the farthest

track rail need not be considered more than one-half the span length.

1532 (B-13.) Unless approved by the railroad company, attachments to railroad

steel bridges shall not be made by devices that require the drilling or cutting of the bridge

structure or the removal of rivets, and the attachments shall be made so that wires,

cables and suspension strand will not be in metallic contact with the bridge structure.

1533 (B-14.) The clearance of any conductor from the face of the abutment shall

be not less than three feet for steel bridges.

1534 (B-15.) Cables or twisted pair wires and their suspension wires may bs at-

tached directly to the face of the abutment if located not less than twenty-four inches

below the elevation of the bridge seat, and they shall provide suitable clearances for

pedestrians, vehicles, etc., as may be necessary.

1535 (B-16.) The clearance between any conductor attached to the bridge in open
construction, and any portion of the bridge structure shall preferably be not less than six

inches, except where this is impracticable, the value may be reduced to not less than
three inches.

1536 (B-17.) The clearance between any conductor not attached to the bridge and
any portion of the bridge structure shall preferably be not less than one foot, except

where this is impracticable, the value may be reduced to not less than six inches.

Underground Construction

1550 (C-1.) The underground system shall be so located as to be subject to the

least amount of disturbance. Care shall be exercised to avoid catchbasins, pipes, or

underground structures which have been installed or are planned for the future.

1551 (C-2.) The top of all conduit protection, except as hereafter specified, shall

generally be located at a depth of not less than three feet six inches below the base of the

raO. Where this is impracticable, or for other reasons, this clearance may be reduced by
agreement between the parties concerned. In no case, however, shall the top of the con-
duit protection extend higher than the bottom of the ballast section which is subject to

working or cleaning.

1552 (C-3.) Where unusual conditions exist or where proposed construction would
interfere with existing construction a greater depth than specified above may be required.

1553 (C-4.) Where physical and chemical conditions will permit, a conduit consist-

ing of not more than two iron pipes, not exceeding three inches in diameter, or two creo-

soted wood ducts, not exceeding four and one-half inches square, used for telegraph, tele-

phone or other communication lines, may be laid in the ground beneath railroad tracks

without any form of protection at a minimum depth of eighteen inches below the base
of the rail unless the worked ballast section of the roadbed exceeds eighteen inches, in

which case the conduit shall be laid below the ballast section.

1554 (C-5.) In no case shall the conduit structure be less than eighteen inches be-
low the surface of the ground.
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1555 (C-6.) When underground conduit construction crossing tracks terminates on
terminal poles immediately adjoining the tracks, or in manholes, handholes, etc., which
project above the surface of the ground, the side clearance, unless physical conditions

prevent, shall be not less than twelve feet from the nearest track rail, except that at sid-

ings a clearance of seven feet may be allowed. At loading sidings sufficient space shall be
left for a driveway. Manholes and handholes shall in no event be located closer than
seven feet from the nearest rail.

1556 (C-7.) Where the conduit system parallels the railroad right-of-way it is de-
sirable to locate it as far as practicable from the railroad tracks. Where it is imprac-
ticable to locate the conduit system three feet or more horizontally from the nearest rail,

special types of construction shall be used or special precautions taken.

1557 (C-8.) Where necessary to prevent caving, the sides of trench shall be sup-
ported with suitable planks and bracing. No bracing shall extend above the base of the
rail or be attached in any way to the rails or ties.

1558 (C-9.) The trench shall be backfilled with earth to the subgrade line, using
the better material next to the conduit structure. Stones shall not be placed next to the
conduit structure. If any large stones that were removed are replaced, they shall be
replaced in a vertical position. Excavation below the bottom line of the trench shall be
backfilled with good earth and well tamped. Track ballast shall be replaced under rail-

road supervision.

1559 (C-10.) All surplus material remaining after the work has been finished shall

be removed, and if disposed of upon railroad property shall be placed under railroad

supervision.

1560 (C-11.) When excavating for any purpose, or working the ballast section of

the roadbed, precautionary measures should be taken to avoid damage to underground
communication facilities.

General Rules

1570 (D-1.) Report all cases of prospective foreign line construction which will

cross over or under or paralleling their own lines and all unsafe conditions at existing

wire crossings.

1571 (D-2.) Bring to the attention of the properly designated official such matters
as may come to their knowledge which in any way would be advantageous to the com-

• pany's service or which might adversely affect the company.
1572 (D-3.) Telephone dispatching and message circuits on communication pole

lines are generally designated by the letter "D" for the dispatcher's circuit and the letter

"M" for the message circuit marked on the crossarm between the two wires of each cir-

cuit. Where circuits are so designated, users of portable telephones should be instructed

to make connections with the dispatcher's or message telephone circuits only at points

where circuits are so designated.

1573 (D-4.) Water must not be used to extinguish electrical flames. Sand, dry

earth, or fire extinguishers approved for electrical fires should be used. A stream of

water must not be played on a "live" third rail or electric wire.

1574 (D-5). Employees shall not climb into wires when not aware of their oper-

ating voltages. They must be able to identify supply circuits which are sometimes lo-

cated on the lower crossarms.

1575 (D-6.) If wires hang low over any track, street or thoroughfare, leave suf-

ficient men to guard them, until raised to proper clearance.

1576 (D-7.) Be on the alert to detect trespassers who may be shooting or stoning

cables, wires, insulators, etc. Take necessary action to prevent damage to plant and
make proper report of details to properly designated official for further handling.

1577 (D-8.) The removal of dry grass and inflammable debris or refuse from

around poles will reduce the fire hazard. In burning refuse material, select a location

where the communication lines or other property will not be damaged.
1578 (D-9.) The carrying of blow torches, open flames, lighted cigars, cigarettes

or pipes into or near the openings of manholes is strictly prohibited.

1579 (D-10.) Spreaders, ditchers and other roadway machinery must be opsr-

ated so as not to interfere with the communication plant.

1580 (D-11.) As grass and forest fires may seriously damage the communication
plant, it is essential that every effort be made to prevent them and to cooperate fully

with National and State forestry fire prevention measures.
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1581 (D-12.) Wire connections to water or other pipes, ground rods, etc., should

not be loosened or removed, and where such conditions are found they should be re-

ported at once to proper authority. The function of such wires is to provide return

paths for various currents transmitted over the lines and in connection with electrical

protection to provide drainage for currents resulting from crosses with foreign circuits

or from lightning. This removal or loosening of these connections may mean serious

injury to employees using telephone or working telegraph wire at that location, in case

of crosses with foreign circuits or from lightning discharges.

1582 (D-13.) Prompt report should be made to the properly designated official

of the following conditions whenever noted:

Poles that are badly rotted, burned, split or otherwise considered unsafe.

Poles that are leaning.

Poles that have been washed out.

Dead trees, branches or vines overhanging or leaning toward the lines.

Fires which occur in close proximity to the line.

Any wire or rubbish that may be hanging on the wires.

Broken or decayed crossarms.

Pins that may be broken or pulled out of crossarms.

In case of a general line prostration such as a storm break, report nature, location

and extent of damage.
In the case of foreign supply line crossing failures obstructing the tracks of the rail-

roads, no attempt shall be made to remove the high voltage wires until it is

definitely known that the current is shut off. When this has been ascertained,

such wires shall be removed from obstructing the track and the owner notified.

Manholes where gas is detected escaping from them.
Cables that are hanging loose from messenger wires as a result of cable rings or other

supports failing.

Appendix C

RULES FOR MAINTENANCE OF TERMINAL STRUCTURES
OTHER THAN BUILDINGS

B. R. Kulp, Chairman, Sub-Committee; E. B. Crane, S. H. Osborne, E. G. Hewson,
W. B. Stimson.

Oil Houses
Rule 1252—Adequate ventilation must be maintained in structures where inflam-

mable liquids are stored.

Rule 1253—In case of leaks or collapse of inflammable liquid storage tanks, the con-

tents must not be permitted to drain into the sewers, and it must be confined so as to

keep the liquid from open fires.

Appendix D

(3) PROTECTION OF TREATED TIES AND TIMBER
IN THE FIELD

A. B. Griggs, Chairman, Sub-Committee; H. W. Graham, A. A. Jackson, F. R. Puder,

J. W. Smith.

TIMBER

1215. Treated timber should not be used for at least sixty days after treatment.

When being stacked it should be piled with spacer strips to give complete air circulation.

1216. Treated timber when piled for seasoning or storage should be sheltered from

the direct rays of the sun, top layers being covered with sand or dirt to the depth of
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one-half inch will afford such protection. Long timbers, particularly those that have been

framed prior to treatment should have cross sticks placed sufficiently close to prevent

sagging, warping or distortion while the material is in storage. Grass or rubbish must

be cleaned from under and around stacked material to lessen the danger from fire.

1217. In handling treated material, extreme care should be used to avoid damage
to the edges of the timbers or breaking through the portions penetrated by the treat-

ment and exposing untreated wood. The use of peavies, canthooks, timber dogs, pick-

aroons, lug hooks, or other pointed tools on treated lumber should be absolutely pro-

hibited.

PILING

1225. Treated piling placed in storage yards must be carefully stacked. The stacks

being arranged so as to allow fire fighting apparatus access in case of fire.

1226. Piling, when unloaded on right-of-way or at bridge site and, if not to be used

promptly, must be stacked in area free of dead grass or other combustible materials

and covered with sand or dirt.

1227. Piling should be driven to refusal with as little injury to the material as

possible.

1228. The use of dogs may be employed in rafting piles provided these are placed

within one foot of the head or four feet of the tip. Rope slings should be used for un-

loading and handling. Tongs may be used when confined to the ends as outlined above

for lifting so that slings may be placed. A sharp pointed tool should not be used to

turn a pile in the gins of the driver. This can be done with a spud and sling. Piles

should not be bored for staging. For piling driven in water or with the cutoff high

above the ground, staging clamps may be used. These may be made of two flat bars,

bent to semi-circles and bolted together around the pile. A tail turns up at one end of

the iron and projects sufficiently to carry the supporting timber on which the staging

plank is laid.

1232. When renewing sash and sway braces they must be properly framed and se-

curely fastened to piles, posts and caps. Sway braces being fitted from the bottom and

any cutting to length being made at the top. Where the piles in a bent vary in size

or are out of line, filler blocks shall be used between the braces and piles, securely fas-

tened and faced to obtain a bearing against all piles. Treated filler blocks must be used

with treated braces.

1233. Holes bored for drift pins should be 1/16 inch smaller than the drift. This

is not recommended for sway brace bolts, as the thread of the bolt has a tendency to

sliver the pile on the opposite side. Where possible holes bored in creosoted material

should be filled with hot creosote followed by a mixture of creosote and roofing pitch.

After the bolt is driven a portion of the pitch creosote mixture should be placed under

the washers at both ends of the bolt which, when the bolt is tightened, gives a water

tight job under the washers. Pitch can usually be worked in between the timbers before

tightening to give further protection. With proper care, decay from sway brace bolt

holes can be practically eliminated.

1236. Treated piling or timbers must not be cut or punctured when inspecting same.

When there are indications of decay in interior of piling or timbers, same should be

bored, care being taken to swab the holes with preservative and plug same with treated

plugs.
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TIES
Handling

693. Care must be exercised when unloading treated ties to avoid fracture and ex-

posing untreated wood. They should not be thrown down high embankments or on

rails, rocks, or other materials where they may be splintered or fractured. They shou'd

not be removed from cars with sharp pointed or edged tools.

694. Hardwood ties received without antisplitting devices should have S-irons ef-

fectively placed in each end as they are stacked for storage. Any kind of tie which

starts to split in track should be S-ironed promptly.

695. After treatment zinced ties and fir ties which have been boiled should be sea-

soned at least two months before insertion in track.

Storage

Add to Rule 696:

Ties treated with zinc chloride or other water borne salts should be open stacked as

shown in Fig. 1 to 4 inclusive, page 131 Manual and allowed to season as specified.

697. After treating, ties should be allowed to season and dry for at least 60 days,

at either the treating plant or on the line before being placed in track. Zinc treated ties

should be stacked so as to obtain free circulation of air with minimum contact. Treated

ties should be stacked as compactly as practicable.

Renewals

Add as second sentence to Rule 703:

When making inspection of treated ties in track for renewals, they must not be tested

or marked with pick or adze, or other sharp tools which may cut or puncture through

to the untreated wood and cause infection and decay in the untreated interior of the tie.

704. Where choice has to be made between distributed ties of unequal age, but

equal suitability for given trackage, the oldest ties should be used first, provided it is not

practicable to determine and use the least durable tie first and to see that no tie is held

in storage longer than one-fifth of its estimated life in track.

707. Adzed and bored ties must be used with weight of rail for which prepared

and spikes must be driven in bored holes regardless of line end. Boring of ties results

in increased penetration of preservative surrounding spike area and careless spiking of

bored ties must not be permitted.

708. Ties split or cracked where bored will cause spike holding power to be greatly

impaired. Plugs must not be driven in such defects and spiking continued which will re-

sult in further injury to tie. It is, therefore, desirable to vary from standard practice

in positioning of spike by reversing position where possible to avoid spiking in crack.

Use of plates with four spike slots will facilitate use of most desirable location with ties

having such defects.

709. Treated ties may be destroyed by mechanical action long before they are de-

cayed, and, therefore, should be protected by economical devices when the mechanical life

limits the hfe of tie.

710. At locations where it is frequently necessary to clean ash pans, ties should be

provided with covers of sheet metal. This covering should rest on furring, providing

clearance of not less than one inch to prevent charring of ties.

711. Ties which are much checked or split should not be used at joints, as spikes

frequently work out from such at this location and require rcspiking. Excessive spiking

shortens life of the tie and care should be exercised that joint ties be of such quality as

to insure maximum strength and service.
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713. Whenever spikes are drawn from ties, creosoted tie plugs must be driven into

all holes, except in ties that are to be renewed that season. In replacing spikes, they

must be driven into the plugs. Loose spikes indicate abnormal wear on walls of spike

holes, contributing to easy access of water, thereby subjecting such area to decay.

714. Treated ties bruised by derailments but still serviceable at location where dam-

aged may be adzed to remove crushed libers, such adzed surface to be protected by ap-

plication of hot creosote oil. Ties damaged by derailment or on account of mechanical

wear to such extent as to be unserviceable at that location should be salvaged for use in

less important trackage or for other uses such as fencing, bulkheading, etc., according to

their value.

715. In disposing of worthless ties by burning, they should be burned at a distance

not less than fifteen feet from the nearest end of ties in track and in case they cannot

be piled twenty-five feet therefrom, piles for burning should not consist of more than

forty ties. They should not be burned near bridges, telegraph poles, newly treated ties,

or other treated or combustible materials. Where there is any possibility of fire spreading

to adjoining property, it must be carefully watched and kept under control.

SWITCH TIES

872. The rules recommended for proper protection of cross-ties will also apply to

switch ties.

873. Switch ties should be ordered in proper lengths so that they may be placed

in accordance with standard plan and prevent damage to treated wood by cutting back to

lengths required.

874. Switch ties located in turnouts subjected to excessive operation should be of

such quality to withstand the severe mechanical wear especially turnouts in heavy switch-

ing yard leads.

TIMBER AND TRUNKING

916. All timber should be cut to length and framed prior to treatment because cut-

ting the material after treatment shortens its life. If it is necessary to cut any treated

timber, it should be given at least two coats of hot creosote.

917. Trunking and capping treated with creosote or other preservative should be

stored under cover whenever practicable to prevent damage by splitting, excessive check-

ing, or warping. If unable to store under cover, it should be close piled and covered

with soil to retard evaporation of preservative and warpage of material at top of pile.

Appendix E

(3) RULES FOR FIRE PROTECTION

H. C. Hayes, Chairman, Sub-Committee; R. Brooke, J. T. Fitzgerald, H. A. March,

W. A. Radspinner.

Watchmen
357. Where fire alarms and/or fire fighting equipment are provided, they must be

familiar with the location of fire alarms and method of operation of fire fighting equip-

ment.
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Bridge and Building Foremen

390. They must see that all fire fighting apparatus under their jurisdiction is main-

tained in accordance with instructions, and make report of any unguarded fire hazard

Painter Foreman

411. They must give special attention to the use, protection, and storage of inflam-

mable and explosive compounds.

Water Service Repairmen or Gang Foremen

438. They must not use open lights in their work where such lights create a fire

hazard.
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P. M. Gault, Chairman;
F. H. Bagley,
G. H. Dryden,
W. J. EcK,
W. H. Elliott,

L. C. Heilman,
C. R. HODGDON,
S. N. Mills,
C. A. Mitchell,

J. C. Mock,
R. D. Moore,
H. G. Morgan,
H. H. Orr,

J. A. Peabody,
F. W. Pfleging,

W. M. Post,

A. H. RuDD,

J. E. Saunders,

C. H. Tillett, Vice-

chairman;
F. S. SCHWINN,
E. G. Stradling,

C. A. Taylor,
W. M. Vandersluis,
F. B. Wiegand,
Leroy Wyant,

Committee.

To the American Railway Engineering Association:

Your Committee respectfully reports on the following subjects:

1. Developments in railway signaling (Appendix A). Progress report.

2. The principal current activities of the Signal Section, by synopsis, supplemented

with list and reference by number of adopted specifications, designs and principles of

practice (Appendix B). Progress report.

The Committee on Signals and Interlocking,

P. M. Gault, Chairman.

Appendix A

(1) DEVELOPMENTS IN RAILWAY SIGNALING

W. M. Post, Chairman, Sub-Committee; W. H. Elliott, J. A. Peabody, C. A. Taylor,

C. H. Tillett, W. M. Vandersluis, F. B. Wiegand.

A. Automatic Train Control and Cab Signals

Since the March, 1934, meeting the Interstate Commerce Commission has acted up-

on two petitions, which were then pending, for authority to modify or discontinue auto-

matic train-control installations. The first of these was petition of the Chicago, Mil-

waukee, St. Paul & Pacific; this road had previously sought authority to discontinue its

entire automatic train-control installation, which petition was denied; subsequently a

petition was filed for authority to discontinue maintenance and operation of only the

automatic stop feature, retaining in service automatic cab-signal devices. This latter

petition was granted by the Commission on March 30, 1934, and specifications and re-

quirements for a continuous automatic cab-signal system to be used in lieu of automatic

train-stop or train-control devices were prescribed.

The authorized change has not yet been made (October, 1934). The location of a

considerable number of B points which occur between signals must be changed, and this

is being worked out in connection with contemplated changes in the signal system on th's

line. Cab-signal equipment has been installed experimentally on one locomotive for trial

and to determine the most economical and satisfactory method of making the required

changes in locomotive equipment.

The other petition which was pending at the time of the meeting last year was that

of the Pittsburgh & Lake Erie for authority to discontinue its automatic train-stop in-

stallation. At the time this petition was filed negotiations were in progress looking

toward the granting of trackage rights by the Pittsburgh & Lake Erie to the Baltimore &

Bulletin 371, November, 1934.
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Ohio for operation of 10 freight trains and 12 passenger trains, daily, between McKeesport

and New Castle Junction, approximately 60 miles, including approximately 45 miles of

line equipped with automatic train-stop devices under orders of the Commission. This

petition was denied on April 14, 1934, the Commission summarizing its conclusions as

follows:

1. Traffic and operating conditions on the Pittsburgh & Lake Erie are now such
as warrant and require the use of automatic train-stop devices, or their equivalent,

to insure adequate protection.

2. During the period of business depression, traffic has not been so reduced as

to warrant even temporary suspension of the use of existing automatic train-stop

devices.

3. Because of the nature of the principal commodities hauled over this line, its

traffic should promptly increase with business revival, thereby resulting in increased

need for the use of all existing safeguards.

4. The sole reason advanced in the supplemental petition filed by the P.tts-

burgh & Lake Erie in support of its petition is the proposed agreement now being
negotiated under which the Baltimore & Ohio would operate 22 trains daily over
equipped tracks of petitioner. A proposed increase in traffic is not a valid reason

for discontinuing the use of existing safety measures; on the contrary, it would re-

sult in increased need for all existing safeguards.

5. Maintenance of existing equipment is not unduly burdensome, especially

when consideration is given to the proportional maintenance cost of automatic train-

stop devices per train operated over equipped territory.

6. The carrier does not propose any alternative measures, either in the way of

additional safety devices or in improvement of existing signal equipment.
7. Petitioner states the Baltimore & Ohio has definitely taken the position that

if required to equip its locomotives which are proposed to be operated over this line

it will not enter into the proposed or any similar arrangement with petitioner. The
petition points out that the proposed arrangement would result in profit to petitioner

and substantial savings to the Baltimore & Ohio. The equipment, with automatic
train-stop devices, of Baltimore & Ohio locomotives to haul its trains which wouM
be operated over this line would be a relatively small item of expense which should
not serve to prevent completion of arrangement otherwise satisfactory to both car-

riers involved.

Subsequently, negotiations for the proposed trackage agreement were continued, and

the Baltimore & Ohio is (October, 1934) equipping locomotives with automatic train-

stop devices for operation over the equipped tracks of the Pittsburgh & Lake Erie.

Locomotive equipment manufactured by the General Railway Signal Company is being

installed, whereas the roadway equipment of this installation is Union Switch & Signal

Company apparatus.

The Committee on Automatic Train Control has continued its studies on interchange-

ability, having made inspection and tests, and either have issued or will shortly issue re-

ports on the following:

1. Code type automatic cab-signal equipment manufactured by the General
Railway Signal Company and installed on three Lehigh Valley gas-electric motor
cars, which operate over approximately 10 miles of track of the Pennsylvania Rail-

road equipped with the Union Switch & Signal Company's code system. These cars

are also equipped with intermittent inductive devices for operation over the auto-

matic train-stop installation on the Lehigh Valley.

2. The composite cab-signal equipment installed on locomotives of the Central

Railroad of New Jersey for interchangeable operation over the two different types

of roadway installations on that road, and over the Pennsylvania-Reading Seashore

Lines.

3. Test operation of a Baltimore & Ohio locomotive equipped with inert track

element type of intermittent inductive automatic stop over the Pittsburgh & Lake
Erie train-stop installation, which is of the same type but of different manufacture
and with different location of roadside and locomotive receiving elements. Th's test

was made in connection with the proposed operation of Baltimore & Ohio trains over

the Pittsburgh & Lake Erie between McKeesport and New Castle Junction, Pa.



Signals and Interlocking 199

4. Continuous inductive two-indication cab-signal equipment of the Union

Pacific high-speed streamline train, provided with additional apparatus to operate by
means of two-speed continuous train control with recurrent acknowledgment, over

tracks of the Chicago & Northwestern. A noteworthy feature of this installation is

a new design of governor which is provided with means for disconnecting it from its

driving mechanism, the purpose being to operate the governor only when the train is

on the Chicago & Northwestern line between Omaha and Chicago, thereby avoiding

unnecessary wear when the train is being operated west of Omaha.

The proposed standard aspects and indications for continuous automatic cab-signab,

shown as "Exhibit A" on page 342 of the Signal Section A.R.A. 1934 Annual Meeting

Advance Notice, and which were submitted to letter-ballot, have been approved by the

Signal Section for inclusion in the Manual, and by the Committee on Operating Rules

of the Operating Division, A.R.A.

The Committee on Automatic Train Control and the Bureau of Safety have con-

tinued to cooperate in making investigations of unusual cases of improper operation of

train-control devices. The latest investigation, a report of which has recently been is-

sued, concerned another instance of improper operation due to magnetized engine truck

wheels. This is the third case of this kind which has been investigated jointly by the

Committee and the Bureau of Safety, and as a result of this work much valuable infor-

mation on the subject has been obtained and made available to interested roads through

the reports sent out by the Committee.

Installations of automatic train control, automatic cab signals, and equipped locomo-

tives, as of September 1, 1934, are summarized as follows:

Automatic Train Control

Road Miles Track Miles

In service under I.C.C. Orders 5,218.6 10,215.1

Voluntary Installations* 3,354.1 5,674.3

Total automatic train control 8,572.7 15,889.4

Automatic Cab Signals

In Ueu of train control by I.C.C. authority 1,499.2 3,012.5

Voluntary installations 391.5 1,332.4

Total automatic cab signals 1,890.7 4,344.9

Engines Equipped (Includes motor cars and multiple-unit cars)

Continuous control, speed control and cab signals 672
Continuous control and cab signals 68S
Intermittent control without speed control 4,437
Intermittent control with speed control 91

Cab signals only 3,086

For operation over foreign lines 254

Total engines equipped 9,225

* Includes 229.0 miles road, 481.3 miles track in Canada.

The 157 track miles taken out of service as a result of granting the Southern Pacific

petition makes a total of 1895 track miles of automatic train control the operation of

which has been discontinued by authority of the Interstate Commerce Commission, in-

volving a reduction of 640 locomotives and 10 motor cars from the total originally

equipped.
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B. Automatic Interlocking

An arrangement of signals at railroad grade crossings which function through the

exercise of inherent power as distinguished from those whose functions are controlled

manually.

This type of signaling not only eliminates the necessity for attendants for operation

of the interlocking levers, but also the interlocking machine, other interlocking appliances,

the interlocking station and other buildings, and in addition saves the yearly cost of main-
taining and operating these devices.

As of January 1, 1934, there were 535 Automatic Interlockings in service on 7Q

railroads.

C. Dual Control Selectors for Switches

Dual control is a term applied to signal appliances provided with two authorized

methods of operation. It was originally used with mechanically operated switches, so

that during the time an interlocking station is closed the switches can be manually oper-

ated by the train crews at the switch rather than from the station. Later developments

brought about applications on power switches, particularly in C.T.C. territory at remote

locations, where there was an operating advantage in providing manual operation of the

switch to facilitate switching movements.

D. Facing Point Locks for Spring Switches

A facing point lock is a mechanical lock for a switch, derail or movable point frog,

comprising a plunger which engages a lockrod attached to the switch points to lock the

switch or other operated unit in its normal and/or reverse position. Some railroads have

been unwilling to install spring switches on high-speed main lines, in spite of considerable

savings to be effected, because of the absence of facing point lock protection, without

which it would be necessary to impose undesirable speed restrictions.

In 1931, an automatic electric locking device was developed including the usual fac-

ing point lock, the lock being driven by a small power machine consisting of a train of

gears operated by a 10-volt motor.

A new and entirely different facing point lock arrangement, operated automatically

by the movement of the switch points when a train trails through the switch, was in-

stalled in 1932. The mechanical facing point lock for a spring switch provides a locking

plunger which is automatically withdrawn by the train trailing the switch, and which

later automatically returns to its original position, so as to lock the switch points, after

they have closed upon the completion of the trailing movement. The mechanism is

equipped with a controller which checks the position of the locking plunger to insure

that it properly locks the switch for a facing point move and also checks the position of

the locking plunger to insure that it is in proper adjustment to be withdrawn during a

trailing move. The switch points may be thrown manually to the normal and reverse

positions, but the points are locked only in the normal position, i.e., when set for a main

line move.

E. Remote Control

A system of operating outlying signaling appliances from a designated point to

facilitate the operation of trains over a designated section of track or tracks by means of

signal indications, timetable and train orders.

Remote control is used to advantage where switches are located some distance from

a station, at an end of double track junction, railroad crossing at grade, or at entrance

to a yard where an operator at a nearby station can control the position of the switches
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and the signals in such a way as to allow trains to proceed without stopping or reducing

speed below that specified in the rules.

As of January 1, 1934, there were 504 remote control points in service on 65 rail-

ways, controlling 654 single switches, 275 crossover switches and 43 derails, with 1000

remote controlled semaphore signals and 1953 light signals.

F. Centralized Traffic Control

A system of railroad operation by means of which the movement of trains over

routes and through blocks on a designated section of track or tracks is directed by sig-

nals controlled from a designated point without requiring the use of train orders and

without superiority of trains.

The advantages of this method of train operation are many. The time element in

the transmission of orders is practically eliminated and this system therefore results in

more efficient dispatching. Direct control of each train movement is made possible with-

out dependence upon a system of control involving intermediate operators for the de-

livery of orders. The train order in the signal indication method is given direct by the

signal to the engineman.

As of July 1, 1934, there were 141 installations of C.T.C. on 41 railways on 1676.6

miles of track controlling 969 switches, 781 semaphore signals, 2388 light signals and 166

passing sidings with 779 "OS"ing points.

G. Car Retarders

The car retarder is an arrangement of brakeshoes located along and parallel to the

rails. These shoes, operated by power, are forced against the inside and outside faces of

the car wheels to reduce the speed of the car. The car retarder system includes the re-

tarders, the power operated switches, control machines, power supply, and sometimes

power operated skate placing mechanisms at the hump end of each classification track for

stopping cars in emergency.

On January 1, 1934, car retarders were in service in 37 yards on 21 railways or

companies, involving 1125 classification tracks, 1020 retarders, 1147 switches, 565 skate

machines, and 92 control stations.

Appendix B

(2) THE PRINCIPAL CURRENT ACTIVITIES OF THE SIGNAL
SECTION A.R.A., BY SYNOPSIS, SUPPLEMENTED WITH LIST

AND REFERENCES BY NUMBER OF ADOPTED SPECIFICA-

TIONS, DESIGNS AND PRINCIPLES OF SIGNALING PRACTICE

E. G. Stradling, Chairman, Sub-Committee; H. H. Orr, Leroy Wyant.

CURRENT ACTIVITIES OF THE SIGNAL SEOTION A.R.A.

Since November, 1933 (As of November, 1934)

1. Prepared a report on several subjects on Research Investigation for considera-

tion by the Research Committee appointed by the Federal Co-ordinator of Transporta-

tion. The report printed in the Minutes of Signal Section A.R.A. meeting held in Chi-

cago, March 12 and 13, 1934.

2. Printed and placed on sale two additional chapters of "American Railway Sig-

naling Principles and Practices". They are Chapter III^—Principles and Economic Phase

of Signaling. Chapter XIX Electric Interlocking.
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3. Made a study of and a report on the "Necessary Modification of Direct Current

Track Circuits in Detail or in Principle, to Insure Reliable Protection of Rail Motor Cars

of Passenger Carrying Type."
4. Made a study of "Typical Methods of Effecting Economy and Energy Consumed

in the Operation of Signal Circuits."

5. Kept in touch with the situation on Automatic Train Control. Prepared list of

those roads granted permission to discontinue operation of train control. Also list of

those roads which were permitted to change from train control to cab signals.

6. Made a study and report on the subject "Elimination of Train stops at Stop and
Proceed Automatic Signals on Single-Direction track."

7. Report on "Use of Traffic Signals for Protection of Highway Railroad Grade
Crossings."

8. Report on Method of Forecasting the Economic Value of Signaling.

9. Report on The Economic Value of Car Retarders.

10. Report on Increased Safety and Intangible Savings of C.T.C.
11. Report on Economics of Spring Switches.

SPECIFICATIONS REVISED

Old No.

Communication Underground Conductor Construction 4514 & 5516
Fibre Conduit 6418
Vitrified Clay Conduit 2412
Aerial Aluminum Cable Steel Reinforced 5416
Alternating Current Automatic Block Signal System 8620
Air-Cooled Transformer 8330 & 14328
Electric Position Light Signal 8119
Lead Acid Stationary Storage Battery •— Plates of Composite

Structure Supporting Active Material in the Form of Pure
Lead 5328

Lead Acid Stationary Storage Battery — Plates of Pure Lead,
Electro-Chemically formed, in combination with plates of
alloy supporting active material in paste form 5828

Nickel, Iron, Alkaline Storage Battery 4915
Electrolyte 4328
Electro-Mechanical and Mechanical Interlocking 6628
Automatic Interlocking 14128
Centralized Traffic Control System 14931
Centralized Traffic Control Machine 15031

New No.

1-C-l
l-C-6
l-C-9
5434
8634

8134

5334

5834
4934
4334
6634

14134
14934
15034

DRAWINGS REVISED

Crank and Jaw Pin 1010-C 1010-D
One-way Horizontal Crank Stand Assembly 1011-B 101 1-C
One-way Horizontal Pipe Compensator 1014-B 1014-C
Rocking Shaft Bearings 1061 1061-B
Screw and Solid Jaws 1016 1016-B
Tang End Lug and Compensator Link 1017 101 7-B
Jaws-Tang End and Adjustable Link 1019 1019-B
Pipe Line Insulation for 1" Pipe 1094-B 1094-C
Switch Adjustment DetaiJs 1390 1390-C
Details and Assembly of Single Vertical Crank Stand 1066 1066-B
Details and Assembly of Multiple Unit Bolt Lock 1095-B 1095-C
Ladder Platforms 1364 1364-B
Lightning Arrester Grounds 1424 1424-B

REQUISITES REVISED

Highway Crossing Signals
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MISCELLANEOUS REVISIONS

Instructions for Maintaining and Testing Light Signals.

Circuit Nomenclature and Written Circuits.

Graphical Symbols—Wayside Signal Operating Characteristics.

Graphical Symbols—Signal Supports.

Graphical Symbols—Tracks and Highway Crossings.

Graphical Symbols—^Buildings, Bridges and Tunnels.

Graphical Symbols—Wayside Fixtures.

Graphical Symbols—Switches.

Graphical Symbols—Derails.

Graphical Symbols—Track Appliances.

Graphical Symbols—Lead-Outs, Bolt Locks and Stands.

Graphical Symbols—Pipe and Wire Lines.

Highway Crossing Signal Assembly—Wig Wag Type—Side of Highway, Fig. 3 and 4 of

Part 148.

Highway Crossing Signal Assembly—Flashing Light Type—Side of Highway, Fig. 7 and
8 of Part 148.

Terminal Blocks.

Binding Posts.

Formulae for Computing Minimum Allowable Resistance between Track Battery and
Track and for Computing Related Current and Voltage Data.

Tables of Minimum Allowable Resistance in Series with Track Battery for Standard or

Conventional Direct Current Track Circuits.

NEW SPECIFICATIONS

Color Light Signal Operating Mechanism—Search Light Type No. 15734

Lead Acid Stationary Storage Battery—Plates of Alloy Composition Support-

ing Active Material in Paste Form No. 1S834

NEW DRAWINGS

Cable Post No. 1192-A
Grade Signal Marker No. 1612-A
Sprmg Switch Marker No. 1613-A
Insulated Joint Location—Automatic Signals and Interlocking No. 1634-A
Insulated Joint Location—Non-Interlocked Switches No. 1635-A
Insulated Joint Location—Railroad Crossings—Highway Crossings No. 1636-A
Insulated Joint Location—Electric Operation Territory No. 1637-A
Insulated Joint Location—Slip Switches and Frogs—Single or double rail

circuits No. 1638-A
Insulated Joint Location—Car Retarder Layout No. 1639-A

NEW CONCLUSION

Use of Spring Switches

NEW STANDARD

Aspects and Indications for Continuous Automatic Cab Signals

NEW TABLE

Signal and Interlocking Units

NEW INSTRUCTIONS

Inspecting and Testing Automatic Interlocking
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NEW DEFINITIONS

Automatic Cab Signal System
Cab Signal

Cab Indicator

Cab
Continuous Control
Controlling Section

Track Element
Centralized Traffic Control
Dual Control
Remote Control

FORMS TO BE REMOVED FROM THE MANUAL

Invitation to Bidders on Block Signal and Interlocking Work.

DRAWINGS TO BE REMOVED FROM THE MANUAL

Guide Clamps RSA 1020
Crank Bracket Fittings for Pipe Bracket Post RSA 1024 & 1025

Deck for Pipe and Channel Column Bracket Posts RSA 1030
Pipe Bracket Post Head and Trunking Cap RSA 1031

Channel Column Bracket Post RSA 1032

Mounting for Bottom Mast Mechanism Cases on Bracket Post RSA 1033
Base for Pipe Bracket Post RSA 1036
Pipe Bracket Post RSA 1039
Concrete Foundation for Channel Column Bracket Post RSA llOS
Concrete Foundation for Pipe Bracket Post RSA 1108
Details and Assembly of Hand Rail for Bracket Post RSA 1179
Guides for Vertical Connections on Bracket Pests RSA 1196
Crank Brackets for Bracket Post RSA 1198
Three-Arm Mechanical Ground Signal RSA 104S-B
Plunger Lock RSA 1096
Base for Cable Post RSA 1180
Cable Post Pinnacle and Cable Outlet Sig. Sec. 1181-A
Relay Box Inlet Bracket RSA 1367
Inlet Box Linings and Terminal Boards Drawing 1368
Inlet Box Fittings Drawing 1369
Inlet Box and Cable Post Mountings RSA 1374



REPORT OF COMMITTEE XVI—ECONOMICS OF
RAILWAY LOCATION

F. R. Layng, Chairman; E. E. Kimball, H. C. Searls, Vice-Chairman;
S. E. Armstrong, E. E. King, C. B. Stanton,
F. A. Barnes, Fred Lavis, R. S. Stephens,

J. L. Campbell, Wm. Michel, H. M. Stout,
H. H. Edgerton, G. H. N. Monkman, J. E. Teal,
R. P. Forsberg, F. a. Russell, H. M. Tremaine,
A. W. Galereath, H. B. Shattuck, W. D. Wiggins,

E. A. Humphreys, H. M. Shepard, Committee.

To the American Railway Engineering Association:

Your Committee respectfully reports on the following subjects:

(1) Revision of Manual. No report.

(2) Review reports heretofore made on the economics of grade revision as affected

by electric operation, collaborating with Electrical Section. Progress in study—no report.

(3) Relative merits of ruling grades lighter than 0.4 per cent, in the light of modern

operating requirements (Appendix A). Complete and presented as information.

(4) Compile operating data essential to establish units for making line and grade

revisions to meet operating requirements. Progress in study—no report.

(5) Relative merits of increasing tonnage by the reduction of ruling grades or by

the introduction of locomotives with greater tractive power, with consideration of mo-

mentum and equivalent virtual grades and the development of the locomotive booster

(Appendix B). Complete and presented as information.

(6) Proper size and character of field organization for railway location and con-

struction, collaborating with Committee XII—Rules and Organization. Progress in study

—no report.

The Committee on Economics of Railway Location,

F. R. Layng, Chairman.

Appendix A

(3) THE RELATIVE MERITS OF RULING GRADES LIGHTER
THAN 0.4 PER CENT, IN LIGHT OF MODERN OPERATING RE-

QUIREMENTS

Two previous reports have been submitted by the Committee on this subject and

appear in the Proceedings, as follows:

Vol. 27—Page 175

Vol. 28—Page 809

The following is a digest of the above reports briefly setting out the main features

of same:

"In considering the reduction of grades it must be borne in mind at all

times that this is a question of economics and that all the conditions peculiar

to each operating division on which a study is to be made must be taken

into account. As a broad assumption it may be stated that while a 0.4 per

cent ruling grade is good, a 0.3 per cent grade is better, and a 0.2 per cent

grade is better still, provided there be the traffic to justify the cost of secur-

BuUetin 371, November, 1934.
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ing it. Or in other words, the ideal grade is level, provided traffic is the
same in each direction.

The product of a railroad is ton-miles and the problem is to produce
them as cheaply as possible, giving due consideration to the cost of the facili-

ties necessary to accomplish same.
In recent years added importance is given to ton-miles per hour as a

means of increasing capacity, and for this reason the securing of the lowest
rate of grade that the traffic will justify has become of increasing impor-
tance on lines of heavy traffic.

RESISTANCE

Heavily loaded cars, such as are usually loaded with coal and ore, will

ordinarily develop a frictional resistance of about four pounds per ton.

Grade resistance for 0.4 per cent, 0.3 per cent, and 0.2 per cent grades are

respectively 8, 6 and 4 lb. per ton. Consequently, neglecting engine re-

sistance (which are higher per ton, but which are relatively small in gross

amount for very long tonnage trains on low grades) the total train resistance

per ton for heavy tonnage trains on grades of 0.4 per cent and under may
be stated approximately as follows:

0.4 per cent—12 lb. per ton

0.3 " " —10 " " "

0.2 " " — 8 " " "

It is evident, therefore, that the primary advantage of the lighter grades

in the weights of trains which can be handled, as compared with a 0.4 per

cent grade, is for 0.3 per cent grade 20 per cent increase, and for a 0.2 per

cent grade SO per cent increase.

The tonnage rating or hauling capacity for any given tractive force on
any given grade may be computed by a single mathematical calculation.

A table prepared by S. S. Roberts, which was published in the Railway
Age of April 11, 1919, and also included in A.R.E.A. Proceedings Vol. 28,

page 810, shows the relative number of trains required for different gradients

ranging from level to 3.0 per cent. The table is worked out on the basis

of a U.S. Standard Mikado locomotive of 54,000 pounds tractive force, but

the variables in the computations are so negligible that for the purpose of

comparison the results would be applicable to locomotives of any tractive

force.

STARTING RESISTANCE

The statement on page 669, Vol. 5 of the Proceedings, that 'No advan-
tage, except a reduction of time, would be gained by reducing grades below
0.4 per cent, as the starting resistance of trains on the level would limit the

weight of train' does not hold true today. The improvements in cars, tracks

and bearings and the generally higher standard of track maintenance have
undoubtedly been factors in modifying the application of this statement, for

at the present time the performance of trains on grades of 0.3 per cent or

less seems definitely to controvert it, even where boosters are not used. The
Committee obtained data tending to show that engines loaded for 0.2 per
cent grades are able to start on such grades. While there may be a limit be-

low which it is not economical to reduce grades on account of starting re-

sistance, the general opinion, based perhaps more on observation than on
actual tests, seems to be that 0.2 per cent is that limit. The increasing use

of the locomotive booster and the possible use of roller bearings for freight

cars are developments that may exert profound changes in the studies for

grade reduction. The use of stokers and oil fuel have also modified the

former limits for long grades by eliminating the elements of human fatigue.

EFFECT ON SPEED

The objection has been made that the benefits to be gained by a reduc-
tion of the ruling grade are often rendered nugatory on account of the in-
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creased train load slowing up the movement over the other parts of the

road. The present tendency is to speed up the movement of freight trains

and there are unquestionably many places where grade reductions made on
the basis of drag tonnage trains are not giving satisfactory results under the

changed conditions that prevail at the present time. The average speed of

the trains over the road is one of the factors to which weight might be
given in any grade reduction study, and if proper consideration is given to

this element there need be no misgivings as to results. There will surely be
no controversy over the statement that a train of any tonnage can run
faster on a light grade than it can on a heavy one.

EXPERIENCE WITH LIGHT GRADES

A number of roads are now operating on one or more divisions with
ruUng grades from 0.2 to 0.3 per cent with favorable results. Among these

roads may be mentioned:

New York Central

Pittsburgh and Lake Erie

Erie
Virginian

Baltimore and Ohio
Illinois Central

Chesapeake and Ohio
Norfolk and Western
Duluth, Missabe and Northern

The question of speed was taken into consideration in a relocation

seventeen miles long to reduce grades on the Burlington, on which the traf-

fic consists largely of coal. This line, a distance of 261 miles, has no grades

northward heavier than 0.3 per cent. The new line, which has a continuous
ascending grade to the noith, was built to a gradient of 0.25 to eliminate

the delay that a grade of 0.3 per cent would entail to tonnage trains and
the results have been all that were expected.

DATA IN MANUAL

The Manual, including supplements, gives the necessary information and
rules for computing the tonnage that can be handled by a given steam loco-

motive on any grade, and also the method of preparing a speed-time profile

and of computing speed, time and fuel consumption for a given train on any
division. Evidently each case must be considered on its own merits. The
Committee recommend a speed-time profile as the best method of compar-
ing these various elements of expense."

Conclusions

(1) No definite formula can be given for the relative merits of a 0.4 per cent ruling

grade as compared with a 0.3 per cent grade. Each operating division is a separate

problem to be analyzed on the conditions and traffic of the division.

(2) The primary advantage of the lighter grades is the weight of trains which can

be handled.

(3) While there may be a limit below which it is not economical to reduce grades

on account of starting resistance, the general opinion, based perhaps more on observation

than on actual tests, seems to be that 0.2 per cent is that limit.

(4) The average speed of trains over the road is one of the factors to which weight

must be given in any grade reduction study.

(5) Experience of a number of roads operating with ruling grades from 0.2 to 0.3

per cent shows favorable results.
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(6) A speed-time profile is recommended as the best method of comparing speed,

time and fuel consumption.

(7) Decision to adopt any ruling grade should be based on a careful survey of

present conditions, a forecast of future conditions and careful computations of the cost

and savings to be effected.

(8) It is recommended that the report be accepted as information and the subject

be discontinued.

Appendix B

(5) RELATIVE MERITS OF INCREASING TONNAGE BY THE RE-
DUCTION OF RULING GRADES, OR BY THE INTRODUCTION
OF LOCOMOTIVES WITH GREATER TRACTIVE POWER, WITH
CONSIDERATION OF MOMENTUM AND EQUIVALENT VIR-
TUAL GRADES AND THE DEVELOPMENT OF THE LOCOMO-
TIVE BOOSTER

Three previous reports have been submitted by the Committee on this subject and

appear in the Proceedings, as follows:

Vol. 28—Page 813
Vol. 29—Page 477
Vol. 31—Page 1241

The following is a digest of the above reports, briefly setting out the main features

of same:

"This particular problem is but one subdivision of the general problem
of making a dollar earn the most interest. To solve it the main elements
to be considered are those of the general problem, viz: revenue, expense and
investment.

It is impossible to formulate any general rule, which will afford a com-
parison of the relative merits of the above methods of increasing tonnage.
It is almost axiomatic, that no two problems involving such a comparison
would be in all respects the same, and any variation in the elements of the
problem would produce a difference in the results. Each problem presented
must be carefully analyzed on its own existing operating methods and costs,

determining in each case the final effect on net operating revenues.

TO WHAT EXTENT IS THE PROBLEM AN ALTERNATIVE?

There may be presented the present alternative of doing several different

things

:

(1) Get more powerful engines;

(2) Reduce grades;

(3) Increase the number of main hne tracks;

(4) Improve the signal system and yard facilities.

It is evident that any one, or a combination of these four alternatives,

may be advisable in a given case, but confining our attention to the first two
it is evident that they are not necessarily alternatives.

In certain cases both may be resorted to simultaneously to advantage.
Thus, it may pay to reduce grades, assuming no increase in the power of
locomotives. But a further computation may show that with the grades so
reduced an additional saving may be effected by the use of heavier locomo-
tives. Thus, some very light grade railroads use powerful locomotives. It
takes a powerful locomotive to handle one hundred loaded cars on a 0.3

per cent grade.
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RELATIVE EASE OR DIFFICULTY OF OBTAINING THE
NECESSARY MONEY

It has been suggested that a factor of some importance in deciding as

between grade revision and the use of heavier power (although it has no
bearing on the relative merits from an engineering standpoint) is the rela-

tive ease or difficulty of obtaining the necessary money. In perhaps the
majority of cases, the money for major improvements must be obtained
from outside sources—it cannot be taken directly from earnings.

The purchase of heavier power can usually be readily accomplished un-
der the 'Equipment Trust' plan. It is also usually the case that the ex-
penditure for power is less in amount, and the savings can be realized sooner
than that for grade revisions.

FACTORS TO BE CONSIDERED IN AN .\NALYSIS OF BENEFITS
OF HEAVIER LOCOMOTIVES AND GRADE REDUCTION

(1) Initial expenditure required

—

(a) For grade reduction;

(b) For the installation of 'boosters' or for the purchase of

heavier power, taking into consideration the normal expendi-

tures for the renev-^al of power in kind.

Consideration must also be given to the fact that heavier power fre-

quently necessitates the following:

Strengthening of bridges

Enlarging of tunnels

Revisions at points where clearances are close

Installation of larger turntables

Rebuilding of enginehouses to afford larger stalls

Revision of frog and switch layouts at terminals

Heavier rail

More ballast, this in turn requiring the widening of the roadbed

(2) Effect on maintenance costs, both Maintenance of Way and
Maintenance of Equipment.

Consideration must be given to the following:

In cases of grade reduction to the additional maintenance required on
account of not abandoning the existing facihties (which must sometimes be
kept in operation to serve existing communities or industries).

Heavier power entails additional cost of locomotive maintenance, addi-
tional maintenance for changes m roadway and structures necessitated by
same, and some additional cost of track maintenance due to increased weight
of the locomotives.

(3) Effect on transportation costs and taxes.

Consideration must be given to the following:

Additional cost due to the duplication of facihties such as stations, coal

and water facilities, telegraph and telephone lines, signals and interlocking,

crossing protection, etc., on account of not abandoning existing facilities.

Saving due to reduction in number of trains by increasing train-loading.

Additional cost of operating heavier locomotives or boosters.

Effect of increased or decreased distance, rise and fall, and curvature.

The character, as well as the volume of business handled, giving con-
sideration to the necessities of scheduled movements, particularly with re-

gard to interchange with adjacent divisions.

METHOD OF ANALYSIS

Make a careful survey of present conditions, a forecast of future condi-

tions and careful computations of the savings to be effected on each alter-

nate plan to fit the present or future assumed conditions, and compare re-
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suits. As there must necessarily be many important conditions that cannot

be accurately forecasted, a good deal of judgment must be used. It is

recommended, however, that the computations be made first and judgment

exercised afterwards.

The forecast of future conditions should include the following possi-

bilities:

Permanency of route

Increased tonnage which may require increased speed, additional rnain

tracks, further grade reductions or heavier power than required

to economically take care of present tonnage.

The whole computation, if the conditions can be correctly forecasted, is

a matter of computing the greatest net earnings on the money to be perma-

nently invested.

EXPENSES REDUCED TO A UNIT COST

The actual expenses necessary to handle present traffic over the divi-

sion studied should be determined as accurately as possible and reduced to a

cost per ton mile for each class of service.

The following items, although they do not include all expenses, will

amount to approximately 80 per cent of the total and any comparison made
on same will be of sufficient accuracy to be used as the basis for decisions:

Enginemen—wages
Trainmen—wages
Enginehouse expense

Fuel
Water
Lubricants
Other supplies

Locomotive repairs

Car repairs (Per Diem)
Track maintenance
Interest

Depreciation •

Taxes
Insurance

The estimated amounts of the above items under the proposed schemes,

after taking into consideration all the conditions listed previously in the re-

port, should be reduced to a ton mile basis for each class of service and
then applied to the estimated ton miles of each class of service."

Conclusions *

(1) It is impossible to formulate any general rule, which will afford a comparison

of the relative merits of the above methods of increasing tonnage.

(2) In certain cases both methods may be resorted to simultaneously to advantage.

(3) Decision to adopt either or both methods should be based on a careful survey

of present conditions, a forecast of future conditions, and careful computations of the

cost of installation and savings to be effected on each alternate plan. All the possible

factors listed in this report should be considered and their effects reflected in such state-

ments which should be reduced to an appropriate unit cost basis.

(4) The relative ease of obtaining the necessary funds for heavier power under the

"Equipment Trust" plan may be the deciding factor, although it has no bearing on the

relative merits from an engineering standpoint.

(5) It is recommended that this report be accepted as information and the subject

discontinued.
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To the American Railway Engineering Association:

Your Committee on Waterways and Harbors respectfully presents its report on the

following subjects:

(1) Revision of Manual (Appendix A). The Committee recommends the changes

for future issues of the Manual.

(2) Definitions of terms (Appendix B). These definitions, having been previously

considered by the Association, are now presented for adoption as recommended practice

and for printing in the Manual.

(3) Suitable types of construction for levees, dikes and mattresses for use under

varying service conditions, giving consideration to stream alinement, sub-surface, soil or

other local conditions. Progress in study. No report.

(4) Specifications for the construction of the several types of river bank protection

in common use (Appendix C). These specifications were presented at the last meeting

of the Association and were referred back to the Committee for revision. They have

been revised and are now presented for adoption as recommended practice and for print-

ing in the Manual.

(5) Types of bulkheads, jetties and seawalls, giving cross-sections of each and stat-

ing the purpose which they serve, including comparisons of first cost, service life and

maintenance cost of the various types. Progress in study. No report.

(6) Types of fender systems for protecting wharves and suitable uses for each,

including comparisons of first cost, service life and maintenance cost of the various types

(Appendix D). This report is presented as information.

(?) Types of warehouse piers, coal and ore piers, car float piers and others, suit-

able for use under various conditions, including comparisons of first cost, service life and

maintenance cost of the various types, collaborating with Committees VI—Buildings and

XIV—Yards and Terminals (Appendix E) . The Committee recommends the report be

received as information and the study of this type of dock or pier be discontinued.

(8) Size and depth of slips required for various traffic conditions, including cost

of construction and of maintenance. Progress in study. No report.

(9) Harbor structures, collaborating with Committee VI—Buildings (Appendix F).

The Committee presents this report as information.

Bulletin 371, November, 1934.
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(10) Economic principles involved in clearances over navigable waterways (Ap-

pendix G). The principles stated in this report are recommended for adoption as recom-

mended practice for printing in the Manual.

(11) Cost to railways for construction, maintenance and operation of bridges over

navigable waterways: (a) in the natural condition of stream; (b)' additional costs

brought about on account of the enlargement of the capacity of the streams over and

above their natural conditions (Appendix H) . The principles reported a year ago have

been carefully studied and are now presented for adoption as recommended practice and

for printing in the Manual.

The Committee on Waterways and Harbors,

D. J. Brumley, Chairman.

Milbnt #aple Proton

In the death of Wilbur Gayle Brown, Engineer Maintenance of Way, Florida East

Coast Railway, on July IS, 1934, this Committee has sustained a great loss and his asso-

ciates a charming and beloved companion. Mr. Brown became identified with the Asso-

ciation in 1922, and in addition to his activities on this Committee, he also served on the

Committees on Roadway and Track. He contributed faithfully and well to the work

of the several groups with which he was identilaed.

Mr. Brown was a native of the South and graduated from the University of the

South, with the degrees of Bachelor of Science and Civil Engineering. His entire pro-

fessional career was spent on railroads in the southeastern section of the country, in-

cluding the Louisville & Nashville Railroad, Jacksonville Terminal Company and Florida

East Coast Railway.

His genial and kindly personality endeared him to all with whom he came in contact

and his loss will be keenly felt by those who had the privilege of his acquaintance.

Appendix A

(1) REVISION OF MANUAL

E. H. Roth, Chairman, Sub-Committee; A. P. Wenzell.

Your Committee recommends that the following changes in the Manual be made:

Present Form Proposed Form

Bulletin 327, July, 1930, page 92 ALLOWANCE FOR SWELL IN SCOW
ALLOWANCE FOR SWELL IN SCOW MEASUREMENT-DREDGE WORK
MEASUREMENT—DREDGE WORK

Third paragraph: After word "profit" in third paragraph,

In maintenance it is customary to pay add "or scow measurement with no allow-

on the basis of cost plus an agreed profit. ance for swell."

Bulletin 327, July, 1930, page 92

A fair allowance may be: Fair allowances are as follows:
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Present Form

Bulletin 337, July, 1931, page 101

Work to Be Done
2. The to be dredged to that

shall have throughout upon the

completion of the work the depth specified

over whole extent as shown on

the plan or plans, with the banks at the

sides sloped at an angle not flatter than

1 on 3, unless otherwise specified.

Bulletin 337, July, 1931, page lOS

SPECIFICATIONS FOR LEVEE
CONSTRUCTION

Bulletin 347, July, 1932, page 75

SPECIFICATIONS COVERING THE
SEVERAL TYPES OF RIVER BANK
PROTECTION AND LEVEES IN
COMMON USE

Bulletin 341, November, 1931, page 208;

Bulletin 363, January, 1934, page 678

DEFINITIONS OF TERMS

Proposed Form

Work to Be Done
2. The to be dredged to that

shall have throughout upon the

completion of the work the depth specified

over whole extent as shown on

the plan or plans, with the banks at the

sides sloped at an angle not flatter than

on , unless otherwise

specified.

SPECIFICATIONS FOR LEVEE
CONSTRUCTION

Recommended that these specifications

be withdrawn.

SPECIFICATIONS COVERING THE
SEVERAL TYPES OF RIVER BANK
PROTECTION AND LEVEES IN

COMMON USE

Recommended that these specifications

be withdrawn.

(For detailed specifications, see Volume

35, 1934, page 679.)

DEFINITIONS OF TERMS

Recommended that the definitions be

approved for publication in the Manual.

Appendix B

(2) DEFINITIONS OF TERMS

W. C. Swartout, Chairman, Sub-Committee; W. D. Faucette, W. E. Hawley.

Anchorage.—1. (Marine) Area in which ships are permitted to lie at anchor without

interference with traffic or facilities.

2. (Engineering) See Deadman.
Apron.—That portion of a wharf or pier lying adjacent to the waterfront edge.

— Track.—Railroad track along the waterfront edge of a wharf or pier for direct trans-

fer of cargo between ship and car. (A.A.P.A.)
— Car Ferry.—A bridge structure supporting tracks connecting the car deck of a car

ferry with the tracks extending to land, hinged at the shore end so that it is free

to move vertically at the outboard end to accommodate varying elevations of ferry.

Ballast, Mattress.—See Mattress Ballast.

Bank, Concave.—A curved bank of a river with radius of the curve toward the channel.

— Convex.—A curved bank of a river with a radius of the curve away from the

channel.
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— Sloughing.—The caving and sliding of a bank when the material of the bank is un-
stable due to saturation, undermining or resting on a stratum lubricated by ground
water.

Banquette.—Additional embankment or shoulder on land side of levee for the purpose
of preventing the line of saturation reaching the surface of the levee slope, also to
provide a break in the surface drainage.

Bar.—A shelving elevation of earth or sand which rises considerably above the adjacent
area of the bottom of a waterway.

Barge.—A low, light draft cargo boat usually flat decked and flat bottomed, generally

used for conveyance of freight on inland and coastal waterways.
Self-Propelled.—A barge which may proceed under its own power.
Basin.—A mooring area for vessels, nearly surrounded by land, usually provided with

wharves and sometimes provided with a guard lock to permit the entrance and exit

of vessels without fluctuation of water level.

Batter Pile.—A pile driven at an angle to the vertical for the purpose of resisting lateral

thrust.

Batture.—1. That portion of river bank immediately above the foreshore that at times

is submerged.
2. That portion of bank between levee and foreshore if levee is in close proximity

to river.

Bayou.—1. A sluggish, winding stream in an alluvial terrain.

2. An inlet from a body of water, usually sluggish.

Beach.—1. The shore of a stream or body of water whereon sand, gravel or boulders

have been deposited in a fairly uniform inclined plane.

2. That portion of shore that is subject to wash from tide and waves, under ordi-

nary weather conditions.

Boat.—Any water craft with a hollow hull.

BoGUE.—A mouth; an embouchure; used specifically in the name of the Bogue, the prin-

cipal mouth of the Canton River, also called Boca Tigris. (See Embogue.) The
term applies to mouth or outlet of a river and derives from French or Spanish
origin. Does not seem to be used west of the Mississippi River but is used east

of the Mississippi River, i.e., Bogue Phalia and Bogue Hasty and a few other streams

in Alabama and Mississippi.

Breakwater.—A structure built to form or protect a harbor from wave action; also

sometimes called mole or jetty.

Brush (For Mattress).—Any live wood growth (preferably willow), main stem one
to three inches diameter at butt.

Buckshot.—1. A tough, tenacious earthen material which, when dry, shatters into ir-

regular shaped pieces approximately the size of buckshot or slightly larger.

2. Clay in the form of small balls resulting from the action of water in motion
along the bottom of the waterway.

Bulkhead.— (1) A partition in a boat.

(2)' A structure built to hold filling along a water front.

Bulkhead Line.—A line in a harbor defining the channelward limit of solid fills and
bulkheads. Such lines are established by the Secretary of War; however, state or
municipal authorities under their police powers may establish bulkhead lines shore-

ward of those established by Secretary of War. (See Pierhead Line.)

Canal.—An artificial waterway.
— Boat.—A boat built for conveyance of cargo on navigable canals.

Cane.—A hollow, jointed wood stem of the grass family
;
grown extensively in the South,

twenty to thirty feet high. Frequently used in emergencies to construct small re-

vetment where a levee is sloughing.

Cargo Track.—A wharf track to or from which freight is handled from or to boats.

Channel.—I. A navigable passage in a river, lake or harbor, frequently buoyed, dredged
and policed.

2. That section of a stream, bay or estuary having the greatest depth and velocity

of current—may or may not be the fairway or navigable passage.

Chute.—L A short, straight channel which by-passes a long bend in a river and
formed by the river breaking through a narrow land area between two adjacent
bends.

2. A narrow back channel on one side of an island. (Local, used on rivers.)

3. An opening in a river dam for the descent of logs.
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Clearance, Horizontal or Lateral.— (1) The clear width between channel lines avail-

able for operation of boats.

(2) The clear width between bridge abutments and/or piers or the clear width

between other structures in or adjacent to a channel.

— Vertical.—The clear height from a surface of the water to the lowest point of a

structure over a waterway.

Cradle.—A structure riding on an inclined track, on the river bank and having a hori-

zontal deck with track thereon for transfer of railroad cars to and from boats at

different elevations of water level, generally found on rivers.

— Apron.—Sloping nose on river car ferry which rides under apron girders, forming

outer end of a cradle when ferry is landing against cradle. (Used on Mississippi

River System.)
— Girders.—Structural members attached to cradle spanning distance between car ferry

and cradle. When not resting on cradle apron they ride on a truck which is at-

tached to cradle and which runs on the incline track. (Used on Mississippi River

System.)

Craft.—Any floating transportation unit.

Crevasse.—A breach in a levee.

DAii.-—A barrier across a waterway to impound water.

DE.i\DMAX.—An anchorage for a guy, cable, etc., and consists of a timber or piece of

structural steel buried in the ground to which is fastened (generally around the mid-

dle) the end of the guy line, etc.

Dike.— 1. A structure of various materials, usually earth, stone or timber or wire en-

tanglements, erected as a barrier to check, deflect or stop river currents for the pur-

pose of inducing silting and formation of sand bars. (See Jetty.)

2. Sometimes used, especially abroad, as a simile for a levee—a bank to prevent

inundations.

— Mud Cell, Brush.—A honeycombed structure with vertical cells 6 to 8 feet square

woven with brush and placed against the bank of a river (generally parallel) to

build the bank out into the stream, width and length determined by amount of

bank to be built out.

— Permeable Pile.—A structure of piling generally normal to the river bank to con-

strict and throw the channel of a drift bearing sedimentary river. It consists of

clusters of piles driven alternately to right and left of a center line with top of

clusters about at high water and each cluster bound together and tied to a hori-

zontal pile along the center line about five feet below the top.

— Pile Hurdle.—Same as Permeable Pile.

— Spur.—Any dike extending out from the shore nearly perpendicular thereto.

Dock.—1. A natural or artificial inlet or basin used by boats, including both the water

and the protecting sides.

2. A structure against which boats land to discharge cargoes and passengers.

Synonymous with wharf and used very generally on Great Lakes.

— Dry.—A structure from which the water may be removed after a vessel enters it

and thereafter excluded at will.

Draft (of Boats) .—The depth to which a craft sinks in the water.

Dredge.—A boat or barge with machinery for excavating material at the bottom of a

body of water.
— Clam Shell.—Digging element is a bivalve bucket, with or without teeth on cutting

edge, operated by ropes from boom of a derrick.

^ Dipper.—Digging element is a bottom dumping bucket, mounted on handle, operated

from a boom at one end of a barge or scow.
— Grapple.—Digging element is a grab bucket operated by ropes.

— Ladder.—Digging element consists of a series of relatively small, approximately rec-

tangular buckets, mounted on an endless chain, operated into material to be exca-

vated on inclined frame or ladder.

— Orange Peel.—Digging element is bucket with four pointed leaves, operated by ropes

from boom of derrick.

— Sea Going Hopper.—A self-propelled hydraulic dredge which dumps excavated ma-
terial into bottom dump hoppers in its own hull, carrying material to the (lump-

ing ground by its own propelling machinery. This type developed for work of ocean

bars where it can work when seas would drive other types to .'shelter.
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— Spuds.—Vertical timbers at the corners of the boat or barge or in a well within the

hull which, when resting on or driven into the bottom, hold the dredge in place.

— Suction or Hydraulic.—Material to be excavated mixed with water and drawn into

a centrifugal pump through an intake pipe and discharged through a pipe.

— Work, Allowable Overdepth.—Excavating to a depth greater than immediately re-

quired to make allowance for type of dredge, silting and economy of longer inter-

vals between maintenance dredging.— Work, Place Measurement.—Excavation measured by sounding before and after

removal of material.
— Work, Scow Factor.—Ratio between quantity of material as measured in scows and

the quantity as measured in place before excavation. This ratio varies for material,

locality and dredging methods.
— Work, Scow Measurement.—Excavation measured by taking number of scow leads

and estimated cubic yards in scow.
Embogue.—To discharge itself, as a river, at its mouth. (See Bogue.)
Erosion.—The carrying away of earthen materials by natural processes of water in

motion.
Fairway.—That reach of bay or harbor through which shipping passes to and from

the sea, and as a general rule buoyed on each hand or having other aids in guiding
ships.

Fascine.—Brush bound in a cylindrical bundle from one to three feet in diameter used
to protect a river bank.

Fingers.—Inclined supports on a barge on which a mattress is woven and down which
it slides to the water as the weaving progresses. (Local, used on rivers.)

Foreshore.—That portion of bank or shore lying adjacent to and sloping gradually to

the water.

Freeboard.—The distance between water line and top of levee, dam, embankment or

gunwale of a boat.

Furrowed.—Term applied to the levee foundation of natural soil when it has been
loosened to minimize seepage or to prevent a levee from sliding on its base; also

applied to the surface of an old levee which is to be enlarged.
Grommet.—In wharf construction, a segmental concrete ring, cast in two parts that

overlap to open and close by a spring, and used suspended from a concrete pile

jacket. As the jacket is lowered over a pile the grommet at the bottom of the

jacket is held close to the pile by a spring and keeps mud from coming up in the

jacket—-from the nautical term applied to an eyelet of rope.

Harbor.—A sheltered body of water of sufficient depth to enable a ship to find shelter

in it from the storms of the high seas or lakes.— Line (Inner and Outer).—1. The lines defining the limits of a port or haven with
regard to inner or best protected area and outer or less protected area. Often re-

ferred to in port regulations.

2. In certain locations of the country inner harbor line is synonymous with bulk-
head line and outer harbor line with pierhead line.

Island.—A bar covered with cottonwood and other timber.
Impervious Earth.—Earthen material through which water moves not at all or with

extreme difficulty.

Jetty.—An engineering structure at the mouth of a river or harbor or elsewhere, to

control the waterflow and currents, to maintain depth of channel, to protect harbor
or beach.

Launching Ways.—1. (Marine). The guides or track down which a boat or barge is

moved after being constructed or repaired in a ship yard.

2. On river work. (See Fingers.)

Levee.—An embankment or wall to prevent inundation.
— Back or.—Side away from the river, facing the protected area. Sometimes called the

land side or inside of levee.

— Core Wall.—A center wall of selected, impervious material placed in a levee. Used
when material within reasonable distance is unsuitable for entire levee.

— Crown.—Top of levee; is level at right angles to levee center line.

— Front of.—Side next to the river, facing away from the protected area; sometimes
called the outside.

— Grade.—The slope of the crown of levee along the center line.

— Hydraulic Fill.—A levee, the material of which is transported and deposited in

place by means of water pumped through a pipe line.
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— Line of Saturation.—Line across a levee up to which water will theoretically sat-

urate the material. This line slopes down from the water hne of river on angle

of about 12 degrees to the horizontal in a levee well constructed of good average

material.
— Muck Ditch.—A ditch four to six feet wide and six or more feet deep, excavated

in natural soil along the center line of crown of levee to explore foundation con-

ditions where character of material is not fully known or where there is a possi-

bility that water will move between natural surface and bottom of levee. It is

backfilled with puddled or tamped impervious material.

— Overtopping.-—AppUed to a condition when the water reaches a height above the

elevation of crown of levee.

— Sand Boil.—Ebulition of water behind a levee.

— Section.—The surface made by a plane cutting the levee perpendicularly to the cen-

ter line.

— Slope.—Amount of inclination of sides of levee downward from the crown. Gen-
erally these slopes are one vertical to three horizontal but occasionally are flatter

where less suitable materials are available.

— Topping.—Temporary work to raise elevation of crown of levee. Done only when
there is danger of overtopping.

— Wave Wash.—Erosion of the levee caused by waves across large areas of water dur-

ing flood periods.

Lock.—A structure in a waterway for the purpose of raising or lowering water craft

to predetermined elevations by opening and closing control gates.

Mattress.—A strong mat consisting of various materials, bound or woven together, used

for the protection of the surface of the eroding banks or bottom of an alluvial river.

— Ballast.—Stone riprap placed on any wood mattress to sink it and make it con-

form to the river bed.
— Basket Woven.—Brush (preferably willow) woven similar to a chip basket with

selvage of roll fascine bound to mattress by wires.

— Board.—Mattress woven with boards, alternately headers and stretchers.

— Brush and Weaving Pole.—Brush with poles on top and bottom tied together with

wires. Brush laid normal to river bank with poles parallel.

— Brush and Wire Envelop.—Brush laid in two layers between woven wire netting,

which is tied together with wires. Bottom of netting envelop parallel to bank, top
normal to bank. Bottom brush layer normal to bank, top parallel.

— Brush, Pole and Fascine.—Brush fascines with poles on top and bottom tied to-

gether with wires. Fascine laid normal to river bank with poles parallel.

— Concrete, Articulated.—Mattress of connected reinforced concrete slabs.

— Concrete Slab.—A reinforced concrete mat or pavement laid on the bank or bot-

tom of an alluvial river for the purpose of preventing erosion. Mattresses of this

type are usually poured in place.

Navigable.—Capable of being navigated by water craft.

— Waterways, Natural.—A natural stream or channel of sufficient width and depth
for practical navigation by water craft without dredging or construction of con-
trolUng works.

— — Artificial.—A stream, channel or canal made navigable by dredging and/or con-
struction of controlling works.

Navigate.—To saU over, traverse by water craft.

Navigation.—The art of navigating.

Passing Basin.—^A widened portion of a river or canal to permit water craft to pass one
another.

Pervious Stratification.—A layer of varying degrees of permeability composed of

boulders or gravel extending across a levee or fill.

Pier.—1. A vertical support of an engineering structure.

2. A structure at an angle with the shore line of a body of water, providing dock-
ing space on both sides for vessels to receive and discharge cargo, passengers and
supplies.

— Fender.—Any construction adjacent to a wharf, pier, slipwall or other structure to

prevent contact and damage to vessel or structure.— Head Line.—A line in a harbor defining the channelward limit of structures. Such
lines are established by the Secretary of War; however, state and municipal au-
thorities, under their police powers, may establish pierhead lines shoreward of those

established by Secretary of War. (See Bulkhead Line.)
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Pier, Private.—^A pier or dock owned or restricted to use by one or more individuals or

corporations.
— Public.—A pier or dock operated for the benefit and use of the public.

Piles, Anchor.—Piles driven on the land side of a bulkhead or pier to which the bulk-

head or pier is anchored or tied by rods, cables, chains or other devices.

— Cluster or Fender.—^Two or more piles driven and lashed together at the top for

the purpose of controlling the position of water craft at bridges and piers.

Porous or Pervious Earth.—Earthen material through which water moves quickly and

readily.

Port.—A harbor plus terminal facilities.

Quay.—A structure provided with facilities on one side for vessels to load and discharge

cargo, passengers and supplies.

Reef.—A narrow ridge of rock, earth or sand lying slightly below or above the surface

of the water.

Retards, Current.—Wire entanglements or full size trees laid parallel and bound to-

gether at the trunk end by cables, so placed in a river as to catch drift and thus

check the current, causing silting. The shore end of a current retard is anchored
to the bank midway of a mattress about 300 feet long, with retard normal to bank
and extending in the stream any desired length. Retard in stream is anchored to

patented concrete piles sunk below river bed by jetting and driving.

Right-of-Way.—An easement or right to use, for a specific purpose, land of another

and founded on grant by writing or prescription.

Riprap.—Pieces of stone, approximately cubical shape, placed along a bank or around
a structure to secure protection from erosion or scour.

River Boat.—Any water craft primarily designed to operate upon inland streams and/or
canals, or any similar water craft principally so used.

River Water Gage.—A gage graduated in feet and tenths to show elevation of water
surface, generally with zero of gage below extreme low water and extending above
extreme high water.

Sea Level, Mean.—The average height of the sea between high and low tides. It is

determined by averaging the hourly heights of the tide for a considerable period of

time and is established by the U. S. Coast & Geodetic Survey.

Seawall.—A barrier along the shore line to prevent encroachment of the sea by direct

wave action.

Sediment.—Earthen material carried in suspension by a stream or deposited upon its bed.

Seepage—Water passing through or under a levee or dam from the higher to lower side.

Seep Water.—Water which has passed through or under a levee or dam.
Ship (Noun).—A vessel primarily designed for deep water navigation.

Shoal.—A shallow place in any body of water, detached from the shore.

Silting.—The depositing of suspended material carried by a stream when weight of sueh

suspended material is in excess of the sedimentary transporting power of the current.

Slip.—1. Open waterway or tidal dock between piers.

2. A water space protected by racks on each side and sufficient only for the ac-

commodation of one vessel. Usually used in referring to ferries.

Soundings.—Measurements of the depth of water, giving elevation of under water land

surfaces.

Spud.— (See Dredge Spud.)
Tariff, Freight.—A published list or schedule of charges prescribed by lawful authority

and applied under conditions stated therein for specified services rendered in the

transportation of freight.

Terminal.—A terminal is the end of a movement in transportation.

Thalweg.—(From German.) The line following the deepest part of the bed or chan-

nel of a river. Originally, this word meant the line in the bottom of a valley in

which the slopes of the two sides meet and which forms a natural water course.

Tide Level, Mean.— (See Sea Level.)

Tolls, Waterway.—A charge or compensation levied by law for the right or privilege

granted in the use of specified inland and/or coastal waterways.
Towhead.—A bar covered with grassy growth of young willows and other vegetation.

(Local, used on Mississippi River System.)
Tow, Pull (Noun).—Water craft being navigated by power other than its or their own,

the tow line between the power unit and the tow being in tension.
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— Push (Noun).—Water craft being navigated by power other than its or their own, the

power unit operating behind the tow.

Tug (Noun).—A powered non-cargo carrying boat used to tow or handle other water

craft.

Vessel.—A boat designed to navigate the high seas or lakes.

Waling Piece.—1. A timber on the water side of a pier, wharf or quay to prevent dam-

age, by a vessel, to the main structure by a vessel.

2. Timber used as a guide or brace in construction work.

Wave Wash.— (See Levee Wave Wash.)
Wharf.—A berthing place for vessels to load and discharge cargo, passengers and sup-

plies. Piers and quays are distinctive forms of wharves.

Appendix C

(4) SPECIFICATIONS FOR THE CONSTRUCTION OF THE SEV-

ERAL TYPES OF RIVER BANK PROTECTION IN COMMON
USE

P. J. McCarthy, Chairman, Sub-Committee; G. J. Bell, L. R. Boettcher, I. W. Geer,

H. F. Sharpley.

1. Mattress.— (a) The mattress shall be fabricated from live, bar growth willow

brush cut not more than two weeks prior to use, having a butt diameter between one (1)

and two and one-half (2^) inches, and the length exceeding ten (10) feet. The limb

growth shall be stripped from the lower half of the stem. The use of a small percentage

of young Cottonwood mixed with the willows is permissible.

(b) Temporary anchor piles, to be removed after they have served their purpose,

shall be driven near the edge of the mattress so spaced as to hold it safely in position

during construction and to guide it to position on the bottom of the river when being

ballasted.
• (c) In starting the mattress a header shall be formed across the head of the mat-

tress with a brush bundle fifteen (IS) inches in diameter, wrapped with four wraps of

No. 12 galvanized wire at intervals of three (3)' feet. Butts of willows for weaving

shall be thrust diagonally through the header roll, and securely fastened with No. 9

galvanized wire. The willows shall be plaited over and under in basket fashion to

produce a tightly woven brush surface free from open interstices, the willow tops lying

underneath. Before weaving the mattress, snags, logs or other obstructions, which might

prevent it from lying evenly in contact with the river bed, shall be removed.

(d) At the head of the dike the bank is to be sloped three (3) horizontal to one (1)

vertical. The mattress is to be a continuation of the mattress extending from the bank-

head and carried downstream on line with the dike. It shall be woven around the piles

extending fifty (SO) feet outside the outside or stream row of piling, through the dike

proper, and twenty (20) feet inside the inside or land row of piling, making ninety (90)

feet in width from edge to edge of mattress. When the dike is complete the mattress

shall extend fifty (SO) feet below the last pile bent at the downstream end.

(e) The mattress shall be woven to a full twelve (12)' inch thickness, of close

weave and tight stitch, and shall have a selvedge border which shall be formed by
plaiting the willow tops into the weave at the edge of the mattress so there will be no

loose ends. The mattress shall be of continuous weave throughout, unless conditions

require that it be woven in sections, in which case each section must lap at least thirty

(30) feet over the preceding section. Construction in sections shall not be allowed with-

out the approval and sanction of the Engineer. No additional payment shall be allowed

for overlapping.

(f) The mattress shall be reinforced with continuous lines of three-eights (->^) inch

strand cable, composed of seven (7) No. 11 wires, laid in pairs on top and underneath,

and spaced sixteen (16) feet apart longitudinally and transversely. At each intersection

the four cables shall be tightly drawn through the mattress with a toggle hook made for

that purpose and fastened with a four part "U" clip. Free ends of strands shall be

clipped together in pairs at the selvedge with "U" clips.

(g) If the conditions so demand, a line of poles shall be lashed across the extreme

downstream end of the mattress, and a parallel row 16 feet back from this end with
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longitudinal poles 16 feet centers reaching between them forming cribs 16 feet square.

This is to keep the stone from slipping off the end of the mattress if it would be likely

to take a steep slope owing to under-scouring at the end. The poles across the end
shall be two (2) high, but the others one (1) high. The poles shall be straight and of

good timber, not less than six (6) inches in diameter at the butt and three (3) inches

in diameter at the top. The poles shall lap at end two (2) feet or more and be fastened

securely to the mattress with three-eighths (%) inch galvanized strand.

(h) Stone shall be evenly distributed upon the mattress for sinking in such manner
as to cause it to establish contact with the river bed throughout, in the quantity of not

less than one (1) ton per .square (100 square feet) of mattress.

(i) If the mattress shall be injured by floods, driftwood, or otherwise during con-

struction or sinking, the contractor shall repair or replace the damaged or destroyed por-

tions without charge as directed by the Engineer.

2. Stone for Ballast.—All stone for ballasting the mattress shall be hard, sound,
clean material that will withstand the action of the elements, and the weight of any stone

shall not be less than twenty-five (25) lb. nor more than one hundred twenty-five

(125) lb.

3. Dike Piling.—All piling must be of untreated cypress cut above the ground
swell from sound live timber not more than six months before delivery. They shall be
sawed square across the butt, bark peeled and the limb growth shall be cut close and
smooth. They shall have a butt diameter between twelve (12) and fifteen (15) inches,

a tip diameter not less than seven (7) inches and shall taper uniformly between butt and
tip. They must be free from rot, loose or decayed knots, wind-shakes or other defects

which would render them unsuitable for the use intended. They must be straight, in

no case curving more than one fourth {%) inch per foot of length with maximum de-

flection near the mid-length. Curvature in more than one direction or short bends will

be sufficient cause for rejection. Each pile driven shall be sharpened to a point three (3)
inches in diameter (or square) and the length of scarf shall be about one and one-half

(1/^)' times the diameter of the pile before pointing.

4. Dike Construction.— (a) The piles shall be driven to a least penetration of

twenty (20) feet, and shall be forty (40) to sixty (60) feet in length. The tops of the
piles, when driven, shall be at same elevation, as the top of the bank, which has an
average elevation of about (...) feet above zero of the gage, unless the Engineer shall

deem it necessary or expedient to vary the height to suit conditions; but no change in the
specified height of the dike shall be made without the written consent of the Engineer.
Piles shall be driven, as nearly plumb as it is possible to drive them from a river driver
in deep water, in bents of three piles to the bent, ten (10) feet apart, and the spacing of

the bents shall average not more than ten feet, center to center, for the length of the dike.

If necessary to secure adequate penetration of the piles without injury to the pile heads,

a water jet shall be used in conjunction with the hammer. All piles shall be cut off

square at the elevation of the determined height of the dike and the top row of bracing
shall be placed so that the top edge of the braces are not more than two (2) inches below
the top o£ the piles.

(b) After driving, the piles shall be braced transversely and longitudinally as shown
on the plans. The transverse bracing shall consist of a double line of four (4) by eight

(8)' inch timbers twenty-two (22) feet long near the top of the pile, a similar set of

bracing as nearly twelve feet below the top bracing as stage of river will permit and two
diagonal braces four (4) by eight (8) inch by twenty-six (26) feet long, extending from
the lower side of the top bracing to the upper side of the bottom bracing on opposite
sides of the piles. The ends of the horizontal transverse bracing shall be placed and the
corners of the diagonal transverse bracing shall be sawed off flush with the outer face of

the stream row of piling.

(c) The longitudinal bracing shall consist of a double line of bracing near the top
of the piles, and a double line of bracing below the top on the two outside rows of piling

and a single line of bracing near the top of the piles and a single line of bracing below
the top on the middle line of piles. The spacing between the top and bottom lines of

bracing will be governed by the spacing of the transverse bracing, but it is desired that

the average spacing between top and bottom bracing shall be as near twelve (12) feet

as stage of water will permit. All longitudinal brace timbers shall be four (4) by eight

(8) inch, all twenty-two (22) feet long. The lap of the brace timbers at the top of

the piles in each row shall alternate with the lap of the timbers below. All brace tim-
bers shall be long leaf pine, square edged and sound and of dimensions as specified.
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(d)' The brace timbers shall be through bolted and tightly drawn with three-

quarter (^) inch bolts, having washers on each end of the bolt. The single line of

bracing on the middle row of piles shall be placed alternately on opposite sides of the

pUes in each double panel so that one bolt will hold at the lap.

(e) The bracing at the tops of the piles, both transversely and longitudinally,

shall be done before weaving of the mattress is begun and if stage of river is such that

the lower bracing will not materially interfere with weaving of the mattress, the lower

bracing shall also be placed. If the lower bracing cannot be placed without interfering

with weaving of the mattress, there shall be temporary bracing applied if needed in

addition to the top bracing to hold piling in proper position and the permanent bracing

applied after the mattress is sunk.

5. Screens.— (a) A continuous row of poles is to be laid on the mattress after it

is woven and securely fastened to it with No. 9 galvanized wire in contact with the in-

side of the bank row of piling. The dike shall then be screened with willow or cotton-

wood poles, spaced about one-foot centers along the bank side of the dike for its entire

length. The butt ends of the poles shall be sharpened and driven through the mattress

in contact with the longitudinal row of poles and securely nailed to the same. After the

mattress has been sunk and thoroughly settled on the bed of the stream, the poles shall

be spaced and nailed to the top and bottom lines of longitudinal bracing and sawed off

even with the top of the dike. They shall be of such lengths that when the mattress

has been thoroughly settled, the diameter of the pole, where nailed to the top bracing,

shall not be less than two (2) inches.

(b) After the dike has been finished the stream row of piling shall be sheathed on
the outside and between the top and bottom lines of bracing with four (4) by eight (8)

inch timbers twenty-two (22) feet long.

6. Header.—As soon as the dike has been started and the first bents have been
braced, a header shall be built close up against the first bents. A trench about thirty

(30) feet square shall be excavated between the pile bents and the top of the slope, to

the level of extreme low water in the stream, into which the edge of the dike mattress

shall be sunk. The hole shall then be refilled with alternate layers of brush and stone,

each three-foot layer of brush to be covered with a closely packed layer of one-man
stones, to the height of two feet above the top of the dike in order to allow for settle-

ment. The cost of the header shall be included in the price bid per linear foot of dike.

7. Bankhead and Revetment.—Above the upstream end of the dike, a bank-
head and revetment, as hereinafter described, shall be built and form an integral part of

the dike. The cost to the Railway Company for same shall be a lump sum price as bid

by the Contractor for said bankhead and revetment.

Above the dike mattress and immediately adjacent to same the river bank shall be
sloped to a slope not to exceed three horizontal to one vertical for distance of about
seventy (70)' feet from upstream end of dike mattress. The high point of surface of

said slope to be at least 36 inches below extreme low water of river; thence a hole in

river bank not less than thirty (30) feet wide parallel with bank of river and extending
streamward sufficient distance to extend into extreme low water shall be excavated. The
bottom of same to be as low as extreme low water on river bank and river side to be at

least 48 inches below extreme low water in river. The entire area of bottom of hole
shall be paved with good heavy-one-man stone. Then from upstream side of bankhead
a standard mattress shall be laid, the shore edge of same overlapping on stone paving in

bottom of hole a distance necessary to prevent any chance of scouring, said mattress shall

be of such length that the distance measured along the slope and bottom of hole from
the upstream side of bankhead to junction v/ith upstream end of dike mattress shall not

be less than one hundred (100) feet. The hole shall then be filled with alternate layers

of brush and stone, each layer of brush being not more than three (3) feet thick and
covered with closely packed layer of one-man stone. The stream or river side of brush
and stone filling of bankhead is to extend over and rest upon shore edge of mattress a

sufficient distance to provide a good substantial bond between bankhead and mattress.

The pavement shall consist of stone, rectangular in shape, laid on edge parallel to

the bank of the stream and shall be not less than one-foot thick measured normal to

the slope. It shall be a continuation of the final layer of stone in bankhead and shall

extend not less than eighteen (18) inches riverward from the inshore edge of the mat-
tress. Beyond this a strip of mattress twelve (12) feet wide shall be covered with a

compact layer of stone one-foot thick by casting into the water. Previous to paving,

the inshore edge of the mattress shall be filled with spalls or quarry chips flush with the
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top of the mattress and running out to zero thickness six feet up the slope. After the

pavement is laid, spalls and quarry chips shall be spread over the surface to fill all

interstices. The mattress shall be the standard mattress hereinbefore described, and shall

be well weighted with stone. The paving and mattress shall flare upstream from a line

normal to the bank and the downstream edge shall be connected to the dike mattress in

such manner that it will be a continuation of the dike mattress.

These specifications were presented at the annual meeting March, 1934, and referred

back to the Committee for modification and changes. This has been done. The specifi-

cations as revised are presented to the Association with the recommendation that the

specifications be adopted and printed in the Manual.

Appendix D

(6) TYPES OF FENDER SYSTEMS FOR PROTECTING WHARVES
AND SUITABLE USES FOR EACH, INCLUDING COMPARISONS
OF FIRST COST, SERVICE LIFE AND MAINTENANCE COST
OF THE VARIOUS TYPES

Benjamin Elkind, Chairman, Sub-Committee; F. G. Jonah, E. H. Roth, G. R. Smiley,

S. L. Wonson.

This study on fender systems in use in the various ports is based on replies to ques-

tionnaires circulated principally among the railroads and tabulated. Those fenders tabu-

lated were obtained from railroad-owned water terminals. The tabulation consists of

thirty-seven examples of fender systems, of which seven are not railroad-owned. The

tabulation, although neither complete nor inclusive, contains examples sufficient to show

the variation of the types, cost, service life and other relevant information.

Types of Fenders and Their Adaptability

The simple types of the fixed fender consist of horizontal or vertical timbers. The

horizontal type is frequently used in the protected harbors of the Great Lakes where

the water level is practically unchanged and abrasion is caused principally by horizontal

motions. Timber wears less rapidly when the motion is parallel with the grain. It is

to be noted, however, that tug and small crafts catch underneath and often cause damage

to the fenders. The vertical timbers consist of piles spaced from fifteen inches to ten

feet apart. In the harbors that indicate the use of this type, the tabulation also shows

wind velocity from fifty-five to eighty-eight miles per hour, which apparently would

cause considerable wave action, resulting in a vertical rubbing motion against the fender.

No structures of solid types that were protected by the above kind of fenders were

presented.

A fender system is described consisting of steel rails imbedded in the -concrete face.

This type is not recommended. Apparently it gives to the wharves and vessels inade-

quate protection against impacts. Ships will shun a wharf that puts all the destructive

force of the impact into the vessel.

The more elaborate fender systems are the combinations of the above two types in

one vertical plane. An analysis shows that where abrasion is expected principally by

horizontal motions the horizontal strips are continuous with vertical chocks, and where

there is considerable vertical motion, the horizontal timber becomes the chocks. A type

used by the Harbor Board of Milwaukee should be noted as it has been found most

effective and economical. The horizontal waling strips consist of 4-in. X 12-in. oak

timbers spiked flat to 8-in. X 12-in. fir backlog. This cushion effect minimizes the

mechanical wear, and it permits ready replacement of the oak timber when necessary.
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This method is also used in New York City. The cushion timbers are the backlogs of

yellow pine or fir or often of treated timber and faced by oak chocks. Another example

in New York City this same method is used, but a solid rubbing surface of vertical oak

planks is placed in front and the chocks are not of oak. The contact of car floats, due

to their weight, sharp corners and sudden vertical fluctuations makes the vertical planks

necessary to avoid the destruction or rubbing off of the horizontal timbers.

The other types of fixed fenders are used where the shocks from vessels, either land-

ing or disturbed by wave wash are severe. Because of the greater total thickness of

timber between the vessels and the structures, the fenders possess the flexibility and elas-

ticity to absorb the shocks and minimize the wear. The deflection of the vertical and

horizontal timbers will lessen the pressure against them. A few examples show pile

clusters driven at intervals in front of the fenders. A solid type coaling structure of

concrete piers at Rochester, N.Y., shows a detached fender system which is 4-ft. 6-in.

wide.

Six examples show cluster piles attached and independent, for side and corner pro-

tection. Fig. 8 shows an independent corner pile cluster consisting of 25-70 ft. piles with

framing timber. This type has taken the place of the usual pile cluster wrapped with

wire cables, which in this case proved ineffective against the shocks of heavy vessels.

The new type, apparently due to the spread at the bottom and the horizontal deflection

timber, is found very satisfactory and effective.

The tabulation shows a spring corner and a side spring fender. It is significant that

these fenders protect solid type structures. A Navy pier, located on the West Coast

shows the corners are protected by a heavy spring fender, but the sides have a rather

light pile and breasting logs protection. The explanation given is that chafing is not

excessive at this point, as the water is calm and that breakage will only take place when

ships are entering their berth on windy days. The ship frequently bears against the

comer fender in turning, exerting such considerable pressure that the springs compress

but return to their original position when released of the pressure.

Vancouver Harbor shows the only example of a floating fender. Logs usually 50-ft.

long with a minimum diameter of 26-in. are kept in position by wire cable attached

to the pier and running through the ends of the logs with a concrete counterweight at

the end.

Species and Grades of Timber

In all types of fenders, where the use is at all frequent, the most important property

of the timber with which the vessel comes in contact is resistance to abrasion. The com-

paratively few examples in the tabulation show that in the harbors of the North Atlantic

and the Great Lakes, white oak is the prevailing timber and the framing members are

often of yellow pine, fir or treated timber. At Rochester, N.Y., the fenders consist of

treated white oak, yellow pine and fir. In the South Atlantic ports, plain and treated

cypress is used. On the Pacific, treated fir is used. In the Gulf ports, treated southern

pine is used while on the lower Mississippi the fenders consist of plain white oak or

short or long leaf pine.

The Forest Products Laboratory of the U.S. Department of Agriculture states on

the subject of resistance to abrasion, the following:

"It would seem that the harder species would be the most desirable. Hardness,
however, is not an infallible criterion of abrasive resistance, and black gum. although
it shows softer in hardness tests than the other hardwood species listed above has
an excellent reputation for wear resistance when used in bridge floors. This is

attributed to the interlocked grain. No satisfactory laboratory test for abrasion or

wear resistance has been developed and consequently we have no systematic data
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comparing the wear resistance of various species. Neither have we given any par-

ticular study to fender construction Except for the heartwood of white oak
the species mentioned above do not have very good resistance to decay and probably
should not be used without treatment unless the wear is so rapid that decay is not
a factor. Although we have no definite data on the subject it seems possible that

creosoted material might wear less rapidly than untreated timber because of a
lubricating effect of the creosote and because its presence may somewhat retard the

checking to be expected from the alternate wetting and drying."

Technical Bulletin 158, published by the U.S. Department of Agriculture dated Feb-

ruary, 1930, indicates the comparative strength values of hardness and shock resistance

of woods grown in the United States.

Timber is treated so that its natural life may be prolonged by the prevention of

deterioration from marine borers, worms, insects and decay. Fenders are particularly

influenced by the marine borers. Marine borers are found only in salt waters, but they

are active on practically every part of our ocean coast line. On the Pacific Coast, the

Gulf of Mexico, and the South Atlantic Coast, they are particularly severe. The more

Northern part of the Atlantic Coast is by no means exempt.

The Committee on Wood Preservation has as one of its assignments, "Piling Used

for Marine Construction." Particularly interesting tests are reported on pages 737-73S

and pages immediately following in Bulletin 363, January, 1934.

Creosoted fir piles from Southern Pacific Company Old Long Wharf Dock A, Oak-

land, were originally driven in 1890, pulled in 1919 and redriven elsewhere. They were

exposed to marine borer attack for 43 3'ears.

Creosoted fir piles from Southern Pacific Company Old Long Wharf E, Oakland,

were originally driven in 1901, pulled in 1919 and redriven elsewhere. They were exposed

to marine borer attack for 32 years.

Another test shown on page 738 is a record of creosoted fir piles exposed to marine

borer attack 12 years in San Francisco Bay.

In these harbors untreated piles are completely destroyed by marine borers in less

than 4 years.

The late W. H. Courtenay, formerly Chief Engineer of the Louisville & Nashville

Railroad, in a paper delivered before the American Wood Preservers' Association in 1927,

gives an account of railway structures across various arms of the Gulf of Mexico.

Treated piles driven in 1875 to 1877 and removed in 1925, "apparently were as sound as

a dollar" (this was stated in 1927). Many of these piles were afterwards used in other

work.

Timber is also treated for decay (see page 684, Bulletin 363, January, 1934), for

construction in fresh water. A fender system located at Rochester, N.Y., on the fresh

waters of the Genesee River shows all treated timber. It is expected that the treatment

against this decay will prevent deterioration to a greater extent comparatively than when
it is treated against marine borers. In the selection of lumber for treatment, the sap-

wood grades are preferable, since they absorb treatment much more readily. The sap-

wood grades are considerably cheaper than those purchased under a heart content re-

quirement which would be necessary if the lumber were used untreated and any durabil-

ity at all desired. Heartwood is much more durable than untreated sapwood, but is not

superior in strength nor other structural qualifications. Sapwood when impregnated

with creosote is, of course, much more durable than untreated heartwood of any species.

The grades, defects permissible, and specifications should be purchased to meet the

Coded Specifications in the 1929 Manual as given by the Wooden Bridges and Trestles

Committee, beginning on page 508. However, the Southern pine grades are higher than

the basic provisions used in the AREA and ASTM. The Manual, on page 588, gives
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specifications for construction oak and it is believed these would be satisfactory for

fender timbers. This Association has complete specifications for creosote and for the

treatment of wood. These are identical with those of the American Wood Preservers'

Association and are standard for treating timber for all types of structures

Comparison of First Cost, Service Life and Maintenance

These three subjects are combined, as they are economically related. The annual

cost of different types of fenders is of vital importance and the cost, service life and

maintenance are the influencing factors. The economy of any type of known first cost,

life and annual maintenance charge may be determined by the following table:

ANNUAL CHARGES FOR VARIOUS YEARS DUE TO AN INITIAL
EXPENDITURE OF ONE DOLLAR

Annual Charge
Five Six

Year Per Cent Per Cent Year

1 $1,050 $L060 11

Annual Charge
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sary if untreated timber were used. The treatment costs approximately from $15.00 to

$20.00 per M. A longer service life is assured with considerable savings. The general

proposition is that the railroads use the species of woods which grow in their vicinity

or is readily obtained on their lines.

Cost of labor and prices of material vary in the dift'erent parts of the country. This

is so well-established that it is needless to go into any detailed discussion of the subject.

It is suggested that the Engineer will do much better by consulting the local market for

cost of materials and labor than to obtain the information from a prepared schedule of

the different prices in different parts of the country, especially at this time when prices

change very often.

The additional cost for creosoting piles varies from 20 to 25 cents per foot in the

cast to about 50 cents per foot in the west where Douglas fir is used. Generally pro-

tection increases together with the cost with the absorption of preservative.

Miscellaneous metal is estimated from 8 to 10 cents per pound in place.

The average life of fenders is from 2 to 25 years. They are subjected to such wear

that they depreciate before the wharf substructure and are usually destroyed by mechan-

ical wear. An exception to this, however, is shown on the lower Mississippi. These

were constructed in January, 1927, using 100 to 110-foot untreated piles. It was antici-

pated that the clusters would fail by breakage before the life of the untreated material

had expired, due to the operation of the heavy vessels. Tiebacks were also constructed

on account of the very soft bottom and probably subject to a sliding bottom. It was

developed that the clusters are to date in practically perfect condition except for the

feature of decay which has now begun to set in. Treated timber no doubt will be used

when they are rebuilt and tiebacks omitted as they function little.

Great care should be given in the construction and treatment of fenders in marine

borer-infested waters to guard against an avenue of entry. An interesting illustration is

given at Puget Sound. This fender was constructed in 1927. Recently when the piles

were replaced, it was found that the bolt holes through the pile were a source of weak-

ness as it gave the Bankia an entrance to the untreated heart of the piles. The back

waling timbers were removed and instead, long breasting logs or camels were lashed to

the piles. It is also believed that this method would more evenly distribute the thrust

from ships. All piling and timber where possible should be ordered to proper length

and bored and framed before treatment, thus reducing field cuts in the treated wood
to a minimum. Cutting off piles to grade cannot be avoided but such cuts can be pro-

tected. For this reason the use of cant hooks or dogs should be avoided and rope slings

used in their place.

Of the total replies received, only a few show an annual maintenance cost for the

fender systems. More than half reported the lack of information ; some that the charges

are not segregated from the pier repairs and a few declare that the maintenance cost

depends on the use or abuse of the facility. It is believed, regardless of the classification

of operating expenses, that the railroads should secure and maintain separate costs of the

operating expense of maintaining the fender system, as it is the most vulnerable part of

the structure. The cost of keeping this account ia negligible and may effect a minimum
cost in the maintenance by directing, by unusual expenditures, the attention to and give

knowledge of failures caused by decay, abuse, breakage by weak designs, .speeds of ves-

sels in berthing, etc. It is believed that this condition can be somewhat corrected by the

known facts and proper study. It is well-established that records of disbursements help

considerably in effecting economy.
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The tabulations are on file in the Secretary's office, and anyone interested, may con-

sult them.

Conclusion

It is recommended that the report be received as information and the subject dis-

continued.

Appendix E

(7) ORE DOCKS OR PIERS ON THE GREAT LAKES FOR LOADING
VESSELS BY GRAVITY

R. C. Young, Chairman, Sub-Committee; R. E. Fristoe, I. W. Geer, G. F. Hand,
G. J. Ray.

This Committee has decided to concentrate in this year's report and gather as much
information as possible on types of Ore Loading Docks or Piers on the Great Lakes,

including comparison of first cost, service life and maintenance cost of various types.

To this end, through the kindness of the Chief Engineers of the iron ore carrying roads,

we have gathered and compiled information available in the form of a comparative state-

ment, showing the cost per pocket and cost per ton capacity as of the date constructed,

which costs are reduced to the year 1931 by the application of a factor; also a compar-

ison of the Bureau of Valuation values as of 1910-1914 of Permanent Docks and Ap-

proaches. The annual cost of maintenance is the actual cost as reported. In these costs

the costs of approaches have been eliminated as well as the cost of dredging as far as it

has been possible to eliminate it.

Neither basis of comparison of cost is exact because so much of the cost depends

upon the height of hinge hole or bottom of "A" frame and the capacity of the pockets

which is increased by adding to the height of the pocket walls making an enlarged storage

capacity that is comparatively inexpensive. It is thought, however, that these compar-

isons are the best that can be made.

In comparing timber docks with permanent docks or timber approaches with per-

manent approaches, the question of fire hazard including cost of fire insurance, together

with the loss of business caused by fire in either dock or approach should be given serious

consideration.

There is no satisfactory way in which timber docks can be protected against fire

except fire in its incipient stage, only by the use of fire tugs and that is very expensive.

The piping of a timber dock for fire protection is not effective.

The cost of repairs on the permanent docks depends upon the number of tons

shipped rather than any of the other factors. This tonnage has not been compiled.

Here follows a brief description of the docks .shown in the comparative statement:

A.—Built 1901^1902. Timber dock at Escanaba, Mich.—66^ ft. high, 52 ft. wide;
height hinge hole—40 ft. 2^ in.; 240 pockets, capacity 175 gross tons each. Foun-
dation is wood piling—open.

B.—Built 1906. Timber dock at Escanaba, Mich.—69 ft. 2 in. high, 54 ft. wide; height

hinge hole—40 ft. 11^ in.; 240 pockets, capacity 200 gross tons each. Foundation
is wood piling—open.

C.—-Built 1911-1917. Timber dock at Ashland, Wis.; D. is an extension of the same
—built 1921'-1922; size being 73 ft. 5% in. high, 51 ft. 6 in. wide; height hinge hole
—40 ft. 454 in.; 340 pockets, capacity 250 gross tons each. Foundation is wood
piling enclosed by Wakefield sheet piling.
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E.—Built 1925. Timber dock at Escanaba—73 ft. 0^ in. high, 51 ft. 6 in. wide; height

hinge hole—40 ft.; 370 pockets, capacity 250 gross tons each. Foundation is wood
piles enclosed by Wakefield sheet piling.

F.—Built 1910. Timber dock at Escanaba—70 ft. 9 in. high; 51 ft. 6 in. wide; height

hinge hole—37 ft. 9^s in.; 320 pockets, capacity 250 gross tons each. Foundation
is wood piling enclosed by Wakefield sheet piling.

G.—Built 1902-1920. Timber dock at Superior, Wis.—77 ft. high, 59 ft. 8 in. wide;

height hinge hole—38 ft. 9 in.; 326 pockets, capacity 300 gross tons each.

H.—Built 1911-1912. Reinforced concrete dock at Prefque Isle Harbor, Marquette,

Mich.—75 ft. high, 52 ft. wide; height hinge hole—43 ft.; 200 pockets, capacity 250

gross tons each; the pocket fronts are Tolst patent, semicircular and of sheet steel.

I.—Built 1911. Steel dock with concrete substructure to the bottom of A-frame at

Superior, Wis.—75 ft. high, 62 ft. 6 in. wide; height hinge hole—40 ft. 2 in.; 302

pockets, capacity 300 gross tons each.

J.—Built 1923. Reinforced concrete substructure Vv'ith steel and precast concrete super-

structure built at Superior, Wis.—80>4 ft. high, 56 ft. wide; height hinge hole—41 ft.;

350 pockets, capacity 350 gross tons each.

K.—Built 1926-1928. Reinforced concrete substructure with steel and precast concrete

superstructure, built at Superior, Wis.—80 ft. 8 in. high, 56 ft. wide; height of hinge

hole—41 ft. 2 in.; 374 pockets, capacity 350 gross tons each.

L.—Built 1916-1917. Reinforced concrete dock at Ashland, Wis. with semicircular steel

pocket fronts of the Tolst patent—81 ft. high, 59 ft. wide; height hinge hole—42 ft.;

150 pockets, capacity 350 gross tons each.

M.—Built 1924-1925. M. is an extension of L. and is of the same general construction

and dimensions except that it has a different type of foundation and pocket front.

N.—Built 1931. Reinforced concrete dock at Marquette, Mich.—lower harber. Height
85 ft. 7 in.; width, 59 ft.; height hinge hole—43 ft. 3 in.; 150 pockets, capacity 350
gross tons each.

O.—Built 1912-1913 at Superior, Wis. Substructure from water line to bottom of "A"
frame is reinforced concrete; the superstructure is of steel frame construction with
reinforced concrete in pocket bottoms and plain concrete in the pocket partition

walls; height 80 ft.; width 57 ft. 2 in.; height hinge hole—40 ft. 6 in.; 102 pockets,

capacity 350 gross tons each.

P.—Built in two parts—100 pockets in 1917-1918 and 108 pockets in 1925-1926, is an
extension to O. and is of the same general dimensions except the height of hinge hole
is 39 ft. 8 in., the construction is the same as O. except that the superstructure is

all of reinforced concrete.

Original Cost 1Q31 Cost of Reproduction Annual Maintenance Costs
Dock Year Per Per Ton Per Per Ton Per Per Ton
No. Built Pocket Capacity Pocket Capacity Pocket Capacity

1901 1901-1931 1901-1931
A 1902 $2382 $13.61 $4921 $28.12 $64.07 0.366

1906-1931 1906-1931
B 1906 2564 12.82 4574 22.87 $71.90 0.360

1916
C 1917 4191 16.76 6783 27.13

1921

D-Ext.C 1922 7265 29.06 6709 26.84

1926-1933 1926-1933
E 1925 30.00 0.081

1926-1933 1926-1933
F 1910 100.00 0.319

1902

1917 1923-1933 1923-1933
G 1920 5737 19.12 6604 22.01 73.97 0.247

1911 1912-1933 1912-1933
H 1912 3877 15.51 7526 30.10 49.05 0.196

1923-1933 1923-1933
1 1911 5195 17.31 9910 33.03 40.11 0.134

A
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Dock
No.

J. .

K. .

Original Cost 1931 Cost of Reproduction Annual Maintenance Costs

Year Per Per Ton Per
Built Pocket Capacity Pocket

.1923

1926

.1927

1928
1916
.1917

1924
M-Ext.Ll925
N 1931

1917

O 1918

1925

P-Ext.O 1926

Avg. for H. to

P. inc

5619

6632

5594

7185
6507

6149

7043

5932

16.05

18.95

15.98

20.53

17.35

17.57

20.11

17.75

5472

6372

7829

6050
6508

12294

6577

7290

Per Ton
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Dock Proper Approach Total

Total Cost 904,301.00 82,514.00 986,815.00

Per pocket 6,110.00 557.00 6,667.00

Per gross ton capacity 20.36 1.86 22.22

Avg. for 9 Permanent Ore Docks
Total Cost $11,787,379.00 $2,024,173.00 $13,811,552.00

Per pocket 5,304.00 9.11 6,216.00

Per gross ton capacity 17.02 2.90 19.78

The cost of approaches has been eliminated because the length and height of the

approach to an iron ore loading dock or pier depends so much upon the harbor that no

intelligent comparison can be made. For example, adjacent to one structure the land is

level so far back from the shore line that the approach must be built up from a few feet

above the water level to the height of the top of the dock, but there are no railroads or

highway crossings to prevent building an earth embankment all of the way ; in another

instance, the ground rises rapidly from the shore so as to reduce the length of the ap-

proach materially. In another case the approach runs through a city where there are

railroads and streets to cross, making expensive bridges necessary ; to offset this the main

track descends rapidly toward the harbor, thus shortening the length of the approach;

in still another instance, the ground runs level back from the harbor and there are

numerous railroad tracks and highways to cross, making it necessary to build a trestle

approach all of the way, which is very expensive.

FOUNDATIONS

H.—This is a closed type foundation consisting of wood piles enclosed by a 12 in. wood
sheet pile wall, tied together with 1J4 in- turnbuckle rods and the whole area filled

with sand.

J-K-G.—This is an open pile foundation consisting of wood piles without any sheet

piling, cribs or filling; the piling is from 55 to 90 ft. long in sand and clay, piling

cut off about water level.

I-L.—This is a crib foundation consisting of wood piles enclosed by a continuous timber

crib filled with sand.

M.—This is an open pile foundation consisting of wood piles with a crib enclosed by
Wakefield sheet piling the full width of dock and 24 ft. long, filled with sand at every

expansion joint 120 ft. center to center.

N.—This is an open pile foundation consisting of wood piles with a crib enclosed by
Wakefield sheet piling the full width of dock and 24 ft. long, filled with sand at every

expansion joint 132 ft. center to center and at outer end.

O.—The foundation of 0. consisted of wood piling averaging 48 ft. long in bents 2 ft. 8 in.

centers with batter piles every third bent; they were driven through 17 ft. of sand

into red clay. The foundation was enclosed by a 12 in. timber sheet pile wall

anchored across with 1^4 in- turnbuckle rods and filled with sand.

P.—The foundation of P. is similar except that the piling was enclosed by a timber crib

27 ft. below water level instead of sheet piling; the top of the timber work was
about 2 ft. below the surface of the water.
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Here follows the comparative costs per linear foot of foundations, for which figures

are available:

FOUNDATIONS

Cost per linear foot of foundation
Reduced to

Original Cost 1931 by factor

$101.00 $184.00

197.00 274.00

145.00 248.00

130.00 237.00

193.00
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Some of the features to be considered in the design of an ore loading dock are:

Height of Hinge Hole
Makes for easier trimming of ore in the vessel, by easier transportation of ore to

far side of the wider vessels.

Pocket Doors
The type that can be closed while one is flowing is desirable.

Angle of Pocket Bottom
Should be steep enough to cause ore to flow easily toward pocket front, but not so

steep as to cause a fall of ore, causing the great impact on pocket front; the absence

of sharp corners and the installation of fillets in all corners is desirable.

Pocket Fronts

Should be of such a design as to prevent the ore from arching over pocket doors,

and to permit the flow of ore down the front of the pocket to the doors.

Capacity of Pockets

After the other features have been considered the pocket walls should be carried up

high enough to get the capacity desired, as the additional storage means adding to

pocket walls and either lengthening or steepening the approach.
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Conclusion

The above report is submitted for information and as a complete and final report

on ore docks or piers for the Great Lakes. It is, however, recommended that the sub-

ject be continued and a study made of docks for other loading purposes, including mer-

chandise, coal, etc.

Appendix F

(9) HARBOR STRUCTURES

C. U. Smith, Chairman, Sub-Committee; Benjamin Elkind, R. E. Fristoe, G. J. Ray,
W. C. Swartout, J. E. Willoughby.

The Sub-Committee submits the following report with the recommendation that it

be accepted as information and the subject discontinued.

In accordance with the instructions to this Sub-Committee, this work has been re-

stricted to the development of information concerning those structures which must be

created to provide a harbor and should not be confused with structures inside the harbor

such as piers, wharves, buildings, etc. The report then covers what is commonly known
as harbor works and it is recommended that this Committee accept the definition of

harbors works as the definition included in the Port Glossary, an official publication of

the American Association of Port Authorities, which definition reads as follows: "The

system of engineering structures, jetties, breakwaters, basins, etc., including maintained

channels as executed for improving the navigability of a harbor and its availability and

security for shipping".

In this country, these types of structures are designed and constructed by the federal

government through the engineering corps operating under the Chief of Engineers, United

States Army. Where such facilities are contemplated, public hearings are generally held

and expressions invited from those vitally interested in the harbor development at that

particular port. This Committee would like to make recommendations for such harbor

developments; however, this is a difficult task as each particular harbor project by reason

of its location, currents, winds, etc., must be specifically treated. In this connection, the

Committee recommends closer co-operation on the part of the government with the

railroads and public and private interests in the development of harbor works. This

recommendation is particularly made due to the growing interest manifested by federal

and state authorities on navigable waterways, harbors and flood control.

To facilitate the work of the Committee, information with reference to harbor works

has been requested and in most cases obtained from the following divisions of the United

States Corps of Engineers: Great Lakes Division; Gulf of Mexico Division; South

Pacific Division ; North Pacific Division ; North Atlantic Division ; South Atlantic Divi-

sion.

The information studied disclosed that harbors are generally divided into three dis-

tinct groups; namely: (1) lagoon or bay waters; (2) jetty harbors and (3) sea coast

harbors protected by breakwaters.

The information which has been received from the Corps of Engineers is, of course,

of a character dealing specifically with harbors already constructed and appears to be

of no specific interest in a report of this character, other than as it refers to different

types of construction, width and depth of channels, distance of breakwaters from the

shore and similar information which is specific for each particular harbor.
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In the lagoon or bay type of harbor, very little, if any, work needs to be done as

this harbor is generally selected for its physical characteristics or providing ample pro-

tection for shipping. In general practically the only work that is necessary on a harbor

of this type is to dredge to obtain the required width and depth of channels where

needed.

In the jetty type of harbors, the entrances are, of course, protected by jetties, which

may be made of rubble mound stone, timber or concrete, generally designed to meet the

exacting conditions which exist at the particular harbor. These types of construction

may be more particularly reported upon with reference to details if the Committee so

desires.

In the sea coast type of harbor, protected by breakwaters, the design of these break-

waters depends again upon local conditions and the situation is somewhat similar to the

jetty type of harbors with reference to the recommendations of this Committee.

The specific recommendations of this Sub-Committee are as follows:

1. That the depth of water in any harbor be maintained at not less than the depth

in any channels leading to such harbor. This particularly applies to the harbors on the

Great Lakes and those coastal harbors that are reached through channels or canals.

2. That where breakwaters are constructed, they should be of sufficient distance

from the shore line to provide for ample shore line development of piers and in addition

sufficient waterway for the safe anchorage of the largest vessels likely to be seeking refuge

in that particular harbor.

3. That where new harbors are to be developed, or improvements are to be made

in existing harbors by the United States Government, that there be close cooperation

between the Corps of Engineers, United States Army, and the railroad and public and

private interests which are likely to make use of such harbor.

4. That such plans and other data which this Sub-Committee has collected shall

be ordered filed with the Secretary of the Association so that same may be available to

all interested members of the Association upon request.

5. That those members of the Association who have harbor development projects

to meet, refer to the Port Series as prepared jointly by the Board of Engineers for Rivers

and Harbors of the War Department and the Bureau of Marine Development, United

States Shipping Board, where they will undoubtedly find comparable situations. These

Port Series are very complete, cover most of the principal ports of the United States and

are accompanied by maps and other descriptive matter.

6. That this Sub-Committee be discharged and the subject of harbor works as

herein defined be dropped from the program of the general committee. This recom-

mendation was made by reason of the fact that most harbor works of this character

are designed and built by the Corps of Engineers, United States Army, and private and

public interests have very little to say with reference to the design and construction of

such works.
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Appendix G

(10) ECONOMIC PRINCIPLES INVOLVED IN CLEARANCES OVER
NAVIGABLE WATERWAYS

Robert H. Ford, Chairman; D. J. Brumley, L. G. Curtis, Geo. S. Fanning, W. D.
Faucette, R. A. Feldes, I. W. Gear, C. S. Kirkpatrick, F. E. Morrow, G. J. Ray,
G. R. Smiley, A. P. Wenzell.

DEFINITION OF TERMS PERTAINING TO PUBLIC IMPROVEMENT PROJECTS

Foreword

In the consideration of proposed public improvements it is apparent that a measure

of confusion and diversity of opinion exists as to the elements of cost properly to be

included in reporting upon such projects, the evaluation of the benefits which will result

and the determination of the economic justification.

For example, it is not uncommon in reporting upon improvement projects to take

into account only those items of expense which are immediately concerned with the

project itself, leaving out of consideration any items of cost or damage which may be

imposed upon individuals, corporations or political subdivisions. Again, consideration is

infrequently given to matters of depreciation, obsolescence and the cost of financing.

In reporting upon benefits it is common to include only the direct savings in cost

which will accrue to business using the proposed improvement, without undertaking to

forecast any detrimental effects which may result from the diversion of such business

from its former channels. It is clear that in proposing a public improvement, the legit-

imate interests of all individuals, corporations and the general public affected, either favor-

ably or unfavorably, by the project, should be evaluated as a basis for determining the

wisdom of undertaking the project.

To this end it is necessary to adequately define the meaning of "costs" and "benefits"

in order to arrive at a satisfactory basis for determination of "economic justification".

Your Committee recommends the following as properly applicable to public improve-

ment projects, and the adoption by the Association for printing in the Manual:

COSTS
Scope

The estimate of costs for a proposed project should include a careful and complete

appraisal of all expenditures and charges pertaining to:

1. Initial Cost
(a) Construction cost, which should also include expenditures for any phys-

ical additions to, changes in, or adjustments of existing highways, rail-

ways, waterways or other property, whether publicly or privately owned,
which will be necessitated by the proposed project,

(b) Engineering and legal services from the inception of the project,

(c) Accounting and administration expense,

(d) Value of property taken or used,

(e) Damage to property adversely affected,

(f) Cost or value of all things or services contributed to the creation of the

project by the owner, constniction authority or any other agency, for

which direct and adequate compensation is not otherwise made.

(g) Interest on all the above items to the beginning of operation.

2. Development Cost
(a) For a reasonable initial period the excess of the annual charges over the

direct revenues and tangible benefits accruing from the project.
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Annual Costs
(a) Interest on initial and development costs,

(b) Operation and maintenance of the project itself,

(c) Increased costs of operation and maintenance of private and other gov-
ernmental facilities and enterprises,

(d) Accounting and administration,

(e) Insurance,

(f) Taxes that would be assessed against an equal and similar investment

of private capital,

(g) Depreciation including the element of obsolescence.

DEFINITION
Costs

The estimate of costs for a public improvement project should include all expendi-

tures and charges pertaining to its creation and development as a going concern and all

recurring or annual expenditures and charges incident to its continued functioning and

ultimate extinction. The estimate should also include all costs that the project may

impose upon other interests, irrespective of liability and possible allocation.

BENEFITS
Scope

The estimate of benefits to result from a proposed project should be supported by

verified data and by comparison with the results of similar existing projects.

The appraisal of tangible benefits, measurable in terms of money, should include the

results, favorable and unfavorable, to be produced by the project upon all affected com-

munities and citizens as to their businesses, occupations and tax liabilities.

The appraisal should include proper allowances for increase or decrease in value or

economical and efficient use of existing property, public or private, which will result

from the project and for which compensation has not been allowed as an element of

initial cost.

Public benefits should be segregated from benefits to private interests.

Intangible benefits should be carefully appraised and stated separately from tangible

benefits.

DEFINITIONS
Benefits

The estimate of benefits to be considered as resulting from a public improvement

project should be stated conservatively and definitely and should take into account all

elements both favorable and unfavorable so that the net benefits may be known.

Tangible and measurable benefits should be distinguished from intangible benefit? which

may not be susceptible of definite measurement.

Economic Justification

Expenditure of public funds for any improvement project should be conditioned

upon a finding, after competent examination, that a reasonable net benefit will result.
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Appendix H

(11) COST TO RAILWAYS FOR CONSTRUCTION, MAINTENANCE
AND OPERATION OF BRIDGES OVER NAVIGABLE WATER-
WAYS:

(a) Natural condition of stream;
(b) Additional costs brought about on account of the enlargement of the

capacity of the streams over and above their natural conditions.

F. E. Morrow, Chairman, Sub-Committee ; L. R. Boettcher, L. G. Curtis, W. D. Faucette,
R. A. Feldes, Robert H. Ford, I. W, Geer, F. G. Jonah, W. G. Nusz, G. R. Smiley,
C. U. Smith, A. P. Wenzell, J. E. Willoughby, S. L. Wonson.

Last year your Committee presented a complete report on this subject and the

Association passed the following resolution concerning it.

"It is the sense of this Association that the principles set forth in the report of
the Committee as to the allocation of the expense of the construction, maintenance
and operation of bridges and other collateral facilities over navigable waterways are
equitable."

Your Committee, at this time, has no change to suggest in the report or the resolu-

tion passed by the Association concerning it. However, upon further consideration the

Committee has reached the conclusion that it would be proper and helpful if the prin-

ciples recommended by the Committee in its report last year should be published in the

Manual.

In the inclusion of such principles in the Manual it should be borne in mind that

these principles are those which are believed to be proper as a matter of equity, but that

there may be certain limitations of law which will not permit their application unless

and until such laws are modified.

Your Committee recommends the approval by your Association for publication in

the Manual the following principles:

1. Any agency providing facilities for land transportation when bridging a navigable

waterway in its natural state, an improved waterway, or an artificial waterway, should

assume the expense (but not more than) of constructing, maintaining and operating the

bridge and other collateral facihties reasonably necessary to permit the use of such water-

way in its condition at the time the crossing is made.

2. Where an artificial waterway is constructed across existing land transportation

routes, the governmental authority in charge of and providing the funds for the water-

way project should bear the entire expense of constructing, maintaining and operating

bridges and other collateral facilities required on account of such crossing, not only as

originally made, but all changes or alterations made thereafter on account of changes in

the waterway or the character of traffic on such waterway.

3. When a waterway is improved by widening, straightening, deepening or other-

wise, or the character of traffic on the waterway is changed by improvements elsewhere,

or by changes in the design of vessels using the waterway, or by changes in methods of

waterway transportation, which require changes in the bridges or other collateral facili-

ties carrying land transportation agencies over such waterway, the governmental author-

ity in charge of and providing the funds for the waterway should bear the expense of

making such changes in the bridges or other collateral facilities, and the additional ex-

pense of maintaining and operating such altered bridges or facilities over and above the
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expense of the maintenance and operation of the bridges and facilities as they existed
before such changes were made.

4. Any agency providing facihties for land transportation, crossing a navigable
waterway, requiring, for its own purposes, changes in the bridges carrying it over the
waterway, its collateral facilities, or in the waterway itself, should bear the expense of
making such changes, and the additional expense of maintaining and operating such
altered bridges or facilities over and above the expense of the maintenance and operation
of the bridges and facilities as they existed before such changes were made.





REPORT OF SPECIAL COMMITTEE ON
STRESSES IN TRACK

Arthur N. Talbot, Chair- H. E. Hale, W. M. Dawley, Vice-

man, J. B. Jenkins, Chairman;

C. B. Bronson, Geo. W. Kittredge, Albert Reichmann,
John Brunner, P. M. LaBach, H. R. Safford,

VV. J. Burton, C. G. E. Larsson, Earl Stimson,

VV. C. Gushing, John V. Neubert, F. E. Turneaure,
Robert Faries, J. de N. Macomb, J. E. Willoughby,
C. W. Gennett, G. J. Ray, Committee.

To the American Railway Engineering Association:

The Special Committee on Stresses in Railroad Track, cooperating with the Commit-

tee of the American Society of Civil Engineers and with the Association of American

Railroads (formerly the American Railway Association), presents the following report

of progress:

One of the major activities of the year has been the study of the design of the joint

bar for rail-joints and the effect of changes in section upon its properties and its value

as a part of the joint, together with an examination of certain patent claims and their

possible limitation on designing and their purpose as expressed in the claims as well as

their value otherwise. Information useful in various ways has been obtained.

Inspection tests of rail-joints in track have been made for the purpose of learning

the sources of the wear of the joint bars and the rail, the places of wear, information

bearing on the mutual interaction of the worn bars and rail when under load and when

the bolts are newly tightened, and other information relating to the stability and mainte-

nance of rail-joints. Inspection tests of rail-joints have been made on the Chicago and

Northwestern Railway, Chicago, Rock Island and Pacific Railway, Illinois Central Rail-

road, and Peoria and Eastern Railway.

Various instruments have been designed and built to facilitate the measurement of

profiles and shapes and straightness of joint bars and rail and their position with respect

to each other in the joint. Although considerable work has been done, the nature of the

problem makes it necessary to collect a large amount of data before making an analysis

of findings.

A Sub-Committee joined with the Committee on Locomotive Construction of the

Mechanical Division in a further effort to show the need of a comprehensive investigation

on locomotive counterbalancing and other vertical and lateral forces of the wheels of

locomotives a«d cars applied to the track, as well as the resulting reactions of track of

different grades and conditions upon the rolling stock run over it and to obtain authori-

zation of funds for these purposes. The report of this conference committee entitled "A
Proposed Investigation of the Interrelation of Rolling Stock and Track" is still held in

abeyance awaiting a more favorable opportunity for its presentation.

In the same connection, further study has been made of the subject of counter-

balance and the practice of railroads in this matter and the opportunities for better coun-

terbalancing the main driving wheel of existing locomotives, as well as of the recom-

mendations of the Mechanical Division on the general subject.

As supplementary to the Sixth Progre.ss Report printed in Volume 35 of the Pro-

ceedings of the Association, attention is called to the discussion given by the Chairman

at the last Annual Meeting, covering a number of topics, which may be found on page

1148 of Volume .35.

The Special Committee on Stresses in Railroad Track,

A. N. Talbot, Chairman.

Bulletin Ml. Xuvember, 1934.
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Committee.

To the American Railway Engineering Association:

Your Committee respectfully presents reports on the following subjects:

(1) Revision of Manual (Appendix A).

(2) Methods for obtaining a more intensive use of existing railway facilities, with

particular reference to securing increased carrying capacity: (a) without material addi-

tional capital expenditures; (b) with due regard to reasonable increases in capital expen-

ditures consistent with traffic requirements (Appendix B). Progress report.

(3) Methods or formulae for the solution of special problems relating to more

economical and efficient railway operation (Appendix C). Progress report.

(4) Analyses to determine when a railway or branch line should be retired. Prog-

ress in study—no report.

(5) Methods for determining most economical train length, considering all factors

entering into transportation costs, collaborating with Operating Division (Appendix D).

Progress report.

(6) Effect of volume of traffic on railway operating expenses, collaborating with

Committee XXII—Economics of Railway Labor. Progress in study—no report.

(7) Operation with reduced number of main tracks (Appendix E). Progress

report.

(8) Train resistance as affected by weights of rail, collaborating with Committee

IV—Rail. Progress in study—no report.

(9) The economic limits of the movement by the railway of freight from shipper

to receiver, by rail, by highway or by a combination of both, collaborating with Com-

mittees IX—Highways, XIV—Yards and Terminals and with Motor Transport Division

(Appendix F). Progress report.

The Committee on Economics of Railway Operation,

J. E. Teal, Chairman.

Bulletin 372, December, 1934.
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Appendix A

(1) REVISION OF MANUAL

J. F. Pringle,Chairman, Sub-Committee; S. W. Fairweather, C. H. R. Howe, E. E. Kim-
ball, M. F. Mannion, P. J. Neff, L. S. Rose, B. J. Schwendt, C. E. Smith, J. E. Teal,

R. E. Van Atta.

During the past year, your Committee was furnished a complete copy of the Manual

covering the Economics of Railway Operation and requested all members to crilically

review it and make such suggestions that will effect improvements. This request resulted

in the receipt of a large number of suggestions, concerning which your Committee has not

had an opportunity to study. It is thought that a report with definite recommenda-

tions will be developed during the next year.

Appendix B

(2) METHODS FOR OBTAINING A MORE INTENSIVE USE OF
EXISTING RAILWAY FACILITIES, WITH PARTICULAR REFER-
ENCE TO SECURING INCREASED CARRYING CAPACITY

(a) Without material additional capital expenditures;

(b) With due regard to reasonable increases in capital expendi-

tures consistent with traffic requirements.

M. F. Mannion, Chairman, Sub-Committee; B. T. Anderson, V. T. Boughton, E. E. Kim-

ball, F. H. McGuigan, Jr., L. S. Rose, R. T. Scholes, H. W. Snyder, S. L. Wonson,

John Worley.

COORDINATION OF FACILITIES

History

In the past the work of this Sub-Committee has been primarily to study the effects

of various changes in operating conditions upon freight train performance and to de-

termine the extent to which these changes increase the traffic capacity of a railway.

In 1932 the Sub-Committee submitted a report on converting double track into

single track, resulting in economical transportation due to the elimination of expendi-

tures for maintenance of surplus facilities.

This year the Sub-Committee submits a report on the Coordination of Facilities.

The report is based on a study made of the economies resulting from the use of 8.6

miles of single track of one road for the handling of the traffic of another road in addi-

tion to its own, resulting in the abandonment and removal of 8.6 miles of single track

of the other railroad. Each ro.ad owned and operated a single track railroad, at no point

more than 200 feet apart, between Station W and Station Y, a distance of approximately

8.6 miles. They determined that their requirements could be taken care of by one single

track railroad between those points. Although the facilities involved are not large in

the study used in this report, the Committee feels it is a very good example of what can

be accomplished when the parties involved find themselves in a position to share the

costs and realize the economies on a basis equitable to all concerned and mutually

profitable!
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Track Layout

Fig. 1 shows the layout of facilities before and after the coordination.

Following is listed the changes in facilities that were necessary, showing who made

the changes and how the expense of making the changes and future maintenance cost of

same were assigned:

(a) Road A, at its own cost and expense, installed and shall own, maintain, repair

and renew a spring switch in its main track and sufficient track leading therefrom to

connect its railroad at Y with the railroad of Road B.

(b) Road A, at its own cost and expense, dismantled and removed the interlocking

tower which it operated and maintained at Station Y, and installed and shall maintain,

repair and renew automatic protection signals along the respective main tracks of the

two roads, for the protection of train operations of both roads over their respective main

tracks at and in the vicinity of said connection at Y. Plans for said automatic protec-

tion signals were agreed upon by the respective Signal Engineers of both roads.

(c) Road A, at the sole cost and expense of Road B, connected the north end of

Road B's team track at Station X with its team track. The said connection and the

portion of the existing team track of Road B (which is retained for use of Road B)

shall be owned by Road B but maintained, repaired and renewed by Road A at the

sole cost and expense of Road B.

(d) Road B, at its own cost and expense, installed, and shall own, maintain, repair

and renew, a crossover to connect the main track of Road A with its main track at

Station W.

(e) Road B, at its own cost and expense, installed, and shall maintain, repair and

renew a connection from its coal chute track at Station W to its main track.

(f) Road B, at its own cost and expense, connected said crossover at Station W
with the existing interlocking plant which is being maintained and operated by both

roads at Station W under written agreement. All additional interlocking plant units in-

stalled in connection with said crossover at Station W shall be deemed to be units of

Road B and shall be maintained, repaired, renewed and operated by Road B along with

the maintenance, repair, renewal and operation of other units of said interlocking p'ant.

The monthly cost and expense to Road B for maintenance, repair and renewal of all

such additional units shall be assumed to be that proportion of the total cost of mainte-

nance, repair and renewal of said interlocking plant as the number of said additional

units bears to the total number of units in said interlocking plant during the month for

which bill is being rendered. The cost of operating the said additional units of said inter-

locking plant shall be borne by Road A.

(g) Road B, at equal cost and expense to both roads, installed and shall maintain,

repair and renew telephone communication facilities between Road A's tower at Yard Z

and its tower at Yard Z.

(h) Upon the completion of the connections between the two roads at Stations Y,

X and W, Road B, at its own cost and expense took up and removed its main track and

such other tracks between Stations Y and W as shown by Fig. 1.

Road A between Station W and Station Y was selected for joint u.^c because it had

a better track, being laid with ninety-pound rail and ballasted with cinders. Road B's

track was laid with seventy-five and eighty-five pound rail and had only local surfac-

ing material for ballast.
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Station Facilities

The only station layout within the limits of the coordination was at Station X
where each road had a depot, stock yard and sidings.

Road B abandoned the use of its station building and both roads now jointly use

Road A's station at this point.

Traffic

The traffic handled by each road on their single track over this territory was very

light being approximately three trains per day (both directions) for each road.

The following is a statement showing train miles for the years 1929-1932, both in-

clusive:

Road A Road B
1929 23,177 9548
1930 21,603 S478
1931 19,341 5263

1932 18,490 5263

The total number of Passenger Trains (Roads A and B) was six per day.

Agreement

An agreement similar to standard joint facility contracts was made by and between

both roads, covering the taking up and removal of the main track and certain other

trackage of Road B, and thereafter the operation of the trains of each road over the

railroad of Road A. The agreement was subject to approval by the Interstate Com-

merce Commission and every other public body having jurisdiction in the premises.

Approval by the Interstate Commerce Commission

Roads A and B jointly applied under Section 1 (18) of the Interstate Commerce

Act—
(a) for permission to Road B to abandon its line of single track railroad between

Station Y and Station W, for authority to it to operate, under trackage rights, over

Road A between Stations Y and W and to construct a connecting track about 425 feet

long between its track and the track of Road A at Station W,
(b) for authority to Road A to construct a connecting track about 330 feet long

between its track and the track of Road B near Station Y, and

(c) for authority of said roads to operate over said connecting tracks.

No representations were made by any State authority, and no objections to the

application were offered.

The Interstate Commerce Commission approved the application.

Operating Rules Covering Joint Use

A joint bulletin was issued covering operation of Road A and Road B trains over

the joint track. Operating rules of Road A apply to all trains using the joint track and

instructions and orders governing the movement of trains to be issued by the Superin-

tendent of Road A. The engines, trains or cars of Road B are, in respect to such move-

ment, treated as equal in right with the engines, trains and cars of a similar class of

Road A or of any other company using the joint track. Before any enginemen or train-
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men of Road B are permitted to operate any locomotive or train upon the joint track they

shall be examined by the proper officer of Road A and shall satisfactorily pass the re-

quirements of Road A as to its transportation rules and regulations and shall be gov-
erned by the watch inspection rules of Road A.

Estimated Cost of Effecting Coordination

Road A
Station Y

Retiring interlocking plant and install spring switch with necessary automatic
protection signals on both Road A and Road B from Yard Z so as to protect a^a nst

fouling moves.
Signal work $1,423.00
Track work - 809.00 $ 2,232.00

Yard Z
Telegraph and Telephone work connecting up dispatchers'

wire with Road B tower, etc.

50 per cent of $100.00 SO.OO

Total Road A outlay $ 2,282.00

Road B
Station X Track changes $ 1,70Q.00
Station W Track changes $ 704.00

Slip switch 1,503.00
Signal work 576.00 2,783.00

Yard Z Telegraph and Telephone work in connection with
dispatchers' wire to Road B's tower, etc SO.OO

$ 4,542.00
Station Y to Station W

Net salvage 8.58 miles main track

.86 miles side track 18,509.00

Net credit $13,967.00
Summary

Road A outlay $ 2,282.00
Road B outlay Cr. 13,967.00

Net credit $11,685.00
Value of Property Retired

Road A $ 9,727.00
Road B 145,000.00

Total $154,727.00

Estimated Savings Effected by Coordination

Road A
Retire Interlocker Station Y

Annual expense operator-leverman $4,832.00
Annual maintenance expense 476.00
Annual other operating expenses ; 127.00 $ 5,435.00

Joint Station Expense at Station X
*One-half joint station expense 765.00

Retire portion of signals at Station W
Annual maint. expense three signals, etc 100.00

$ 6,300.00



Economics of Railway Operation 251

Deduct

S per cent on net outlav of $2,232.00 $ 112.00

Cost of handling Road B trains 500.00

Cost of maintenance and operation of signals at Station Y.

.

260.00 872.00

Net Road A Savings $ 5,428.00

Road B

Maint. of track Station Y to Station W 8.6 miles @ $800.00. . .

.

$ 6,880.00

Reduced taxes 2,800.00

* Joint Station expense at Station X 765.00

5 per cent net salvage credit of $1.3,967.00 698.00

Net Road B Savings $11,143.00

Summary of Total Net Savings

Road A $ 5,428.00

Road B 11,143.00

Total $16,571.00

The above estimated cost and estimated savings were satisfactory to both roads and

they agreed to base the terms of the contract upon same. It was agreed that each road

should assume the cost of work as estimated and each should be entitled to one-half the

total estimated net savings or $8,285.00. To accomplish this Road B was required to

pay Road A $8,285.00—$5,428.00 or $2,857.00 per annum. The above figures were based

on 1932 traffic and operations.

Based on Road B's train miles for four years 1929-1932 inclusive, the rate per train

mile of Road B to Road A would be as follows:

1929—9548 train miles $ .30

1930—8478 " " 34

1931—5263 " " 54

1932—5263 " " 54

Four year average $ .40

The contract further provides that if Road B's train miles in any year are in excess

of 10,000 then Road B will pay to Road A thirty cents a train mile for all train miles in

excess of that number, which was actual cost in 1929 on approximately 10,000 train miles.

Equating the payment of Road B to Road A to a train mile basis reduces the pay-

ment to a basis, the reasonableness of which is evident.

The payment of a fixed sum annually, 1/12 of which is payable monthly, eliminates

the expense and work of preparing monthly bills on a proportional cost of actual monthly

expenditures. Bills prepared on such basis are frequently the cause of much correspond-

ence and irritation.

Division of Costs and Savings

Many justifiable coordination projects may be abandoned on account of the parties

involved not being able to agree on the division of cost and savings. Any such division

must be equitable. Neither party should enter into the negotiations with the idea that

its road must benefit at the expense of the other, or obtain benefits which are not the

direct result of the coordination. The project selected for study in this report is a good

example of how costs and savings, no matter how involved, can be divided, when both

parties enter the negotiation with the idea of making such division on an equitable basis.

* Saving based on Road B paying Road A oni--Iialf of the actual cost of maintaining and operating

passenger depot at Station X.
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In the project studied the roads involved agreed on an equal division of the net sav-

ings. Such division in all cases may or may not be considered equitable by the parties

involved. It should be borne in mind that no agreement of any kind, which is entered

into, is a good agreement unless it is good for each and all parties to the agreement and

any agreement which is not equitable in its benefits carries within itself the seeds of ulti-

mate dissolution.

Mortgage Situation with Respect to Abandonment

The coordination involved one of Road B's secondary lines, the mileage abandoned

was small, and the continuity of its service was not affected.

Road B's mortgages contain a general covenant that the Company will diligently

preserve all rights and franchises and at all times maintain, preserve, and keep the prop-

erty subjected to the lien in good repair, working order, condition, etc. They also, how-

ever, contain provision for releases from the mortgage under certain conditions, and pro-

vide that property, other than sections of lines making up the "main stem" of the rail-

road may be abandoned when no longer required in operation and when such abandon-

ment will not impair the value of the security of the lien, and where authority is granted

by regulatory bodies. In such event trustee shall give a release.

The line abandoned would fall within this category. Once a year all such property

abandoned within the preceding year is included in an application to the trustees of the

mortgage for release.

Conclusions

Where the volume and distribution of traffic at certain locations or over certain

parallel sections of railroads is such that same can be economically handled over the

facilities of one road, coordination of the facilities should be considered.

The Committee recommends that this report be accepted as information.

Appendix C

(3) METHODS OR FORMULAE FOR THE SOLUTION OF SPECIAL
PROBLEMS RELATING TO MORE ECONOMICAL AND EFFI-

CIENT RAILWAY OPERATION

C. H. R. Howe, Chairman, Sub-Committee; S. B. Clement, W. N. Deramus, J. M.
Farrin, Z. A. Green, E. M. Hastings, J. A. Parant, R. E. Van Atta, C. C. Williams.

Your Committee has collected a considerable amount of information on this subject,

but is not in shape to present a report at this time, and merely wishes to report progress.

Appendix D

(5) METHOD FOR DETERMINING MOST ECONOMICAL TRAIN
LENGTH, CONSIDERING ALL FACTORS ENTERING INTO
TRANSPORTATION COSTS, COLLABORATING WITH OPERAT-
ING DIVISION

L. S. Rose, Chairman, Sub-Committee; S. B. Clement, Z. A. Green, G. W. Hand, G. D.
Hughey, E. E. Kimball, E. S. Pennebaker, H. F. Schryver, H. W. Snyder.

Due to the interest shown in the performance of oil-electric locomotives and rail

cars, this Committee believes it is in order to supplement last year's report on the ca-
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pacity of steam locomotives with a similar report on the capacity of oil-electric locomo-

tives and rail cars.

In order that data pertaining to both types of motive power will be available in one

place for future reference, parts of last year's report concerning steam locomotives have

been reworded and included below to show the similarity between them and oil-electric

equipments.

Typical Steam Locomotives

A description of the method used in determining the general characteristics of typical

steam locomotives from the accompanying chart is as follows:

By identifying the type of locomotive under consideration by its wheel arrangement,

it is possible to obtain the relation between the weight on drivers and the weight of en-

gine from the vertical position of the corresponding rectangle in the upper left-hand

corner of the chart Fig. 1. For example, the 4-6-4 rectangle lies between the ordinates

SO and 57 indicating that the weight on drivers for 4-6-4 (Hudson type) locomotives will

be between SO and 57 per cent of the weight of the engine. Likewise the weight on

drivers for 4-6-2 (Pacific type) locomotives will be found from the chart to be between

58.0 and 65.0 per cent of the weight of the engine.

Knowing the actual or allowable weight per driving axle and the number of axles,

the weight on drivers and the approximate weight of engine can be determined. Thus

the weight on drivers for the 4-6-4 and 4-6-2 locomotives assuming 67,000 lb. per axle

will be 100 tons and the weight of the 4-6-4 engine will be between 100/.S7 and 100/.500,

or between 175 and 200 tons. Likewise the weight of the 4-6-2 engine will be between

154 and 172 tons.

Tenders for Steam Locomotives

In some cases, it is necessary to consider the weight of the tender. Inasmuch as the

weight of the tender depends upon the fuel and water capacities desired, it is subject to

wide variations depending upon conditions which have little to do with the design of the

locomotive.

In order to be able to correct for differences in the weight of tenders, when neces-

sary, the curve "weight on drivers" has been plotted to show the relation between the

weight on drivers, the weight of the engine and the weight of the locomotive and tender

for typical locomotives of various classes.

For example, take a 4-8-2 locomotive, assume the weight on drivers is equal to 67

per cent of the weight of the engine. By following the horizontal line corresponding to

67 per cent to its intersection with the curve "weight on drivers" and then the cor-

responding vertical line to the horizontal axis, it will be found that the weight on drivers

amounts to approximately 41 per cent of the weight of the locomotive including tender.

Thus if the weight on drivers is 1.35 tons, the weight of the engine and tender will be

135/.41 or about 330 tons and the weight of the engine excluding tender will be 13S/.67

or about 200 tons. The difference, 130 tons, is the weight of the tender which is assumed

to be typical for this class of locomotives.

Likewise, if the locomotive happened to be a 2-10-4 having 166 tons on drivers, the

weight of the engine would be 166/.67, or 250 tons, and the weight of locomotive in-

cluding tender would be 166/.41 or 406 tons, leaving 156 tons which is assumed to be the

weight of a typical tender for this class of locomotive.

The tables on pages 895-903, AREA Proceedings, Vol. 35, 1934, are based on the

weights of tenders obtained as described above. When these tables are used for esti-

mating purposes, adjustments should be made for the difference in weight of the actual

and typical tenders.
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Potential Horsepower Capacity of Typical Steam Locomotives

The potential horsepower capacity of a steam locomotive is a term used to denote

its ability to evaporate water into steam and is found by dividing the pounds of water

that the boiler can evaporate per hour by the pounds of steam per indicated horsepower

hour. Theoretically, the amount of water which can be evaporated is proportional to

the size of the boiler which practically determines the weight of the engine, hence the

weight of the engine is an approximate measure of its potential horsepower capacity.

The operations to determine the potential horsepower capacity from the weight of

engine and weight on drivers is similar to that just outHned. For example, assume the

4-8-2 locomotive is typical of those built 10 to 12 years ago, the horsepower capacity is

obtained as indicated by the arrows. Starting with 67 per cent as the ratio of weight

on drivers to the weight of engine follow the horizontal line to its intersection with the

curve "weight on drivers" and the corresponding vertical line to its intersections with

the cylinder and boiler horsepower curves in the lower half of the chart. The capacities

corresponding to these intersections read on the vertical scale at the left are 26.6 and

24.6 horsepower per ton on drivers respectively for cylinder and boiler capacity.

The cylinder capacity of the locomotive will rate approximately 135 X 26.6 or

3590 h.p. and the boiler capacity 135 X 24.6 or 3320 h.p. The cylinder capacity is a

short-time rating which it is possible to obtain on occasion due to heat storage or by

forced firing, whereas locomotive performance is ordinarily determined by boiler capacity.

During the past ten to twelve years improvements in locomotive designs and con-

struction have brought about better economies and made increased capacities possible.

This is indicated on the chart by two lines referred to as "future designs". The solid

line indicates horsepower capacities which are within reach if desired, and the dotted line

the horsepower capacity of representative modern locomotives now in operation.

On this basis, the 2-10-4 locomotive referred to in the preceding section would rate

28 h.p. per ton on drivers by the dotted line and 30 h.p. by the solid line or between

4666 and 5000 h.p. total for the locomotive.

Speed Tractive Effort Curves—Steam Locomotives

The short method for calculating the speed tractive effort and horsepower curves

which is discussed below is based on two fundamentals.

First: That the maximum tractive effort of a locomotive depends upon the weight

on drivers.

Second: That maximum speed at which it can develop its maximum tractive effort

is limited by the capacity of the boiler to evaporate steam.

The maximum tractive effort for steam locomotives without boosters or auxiliary

engines has been assumed to be equal to 25 per cent of the weight on drivers. The
maximum speed at which it will develop its maximum tractive effort is denoted by Vi

hence the corresponding indicated horsepower is equal to the product of Vi times the

(MPHXTE\
HP = I

375 /
It has been found from statistical analysis of a large number of designs that the

indicated horsepower corresponding to Vi is equal to about ]/i (52.7 per cent) of the

potential horsepower of simple locomotives using superheated steam. From this rela-

tion V, in miles per hour is found to be equal to .395 times the potential horsepower

per ton on drivers.
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Values of A:

For SO ton locomotives — 105 sq. ft.

70 " " — 110 sq. ft.

100 tons and over — 120 sq. ft.

For convenience the train resistance for typical manifest, coal and ore trains and

empty trains is given below based on the following formula by Davis plus 10 per cent:

29 0.0005.4F
R — 1.3-J rC.045F"l

W WN
Where i? = Resistance in lb. per ton on tangent level track.

.4 = 88 sq. ft. cross-section area of car.

V = Speed in miles per hour.

N =z Number of axles per car.

W= Average weight per a.xle in tons.

Freight Train Resistance

(Pounds per Ton)

Adjusted for Normal Weather Conditions

Av. Gross
Weight
Per Car Miles Per Hour

10 IS 20 25 30 35 40 45 50 60

Manifest 40 5.24 S.64 6.09 6.62 7.19 7.84 8.54 9.31 10.12 11.95

Coal & Ore 80 3.59 3.92 4.27 4.65 5.07 5.52 6.00 6.51 7.05 8.23

Empty Cars 20 8.56 9.12 9.79 10.60 11.53 12.58 13.75 15.06 16.48 19.69

It is generally less confusing if the resistance of the locomotive is added to the re-

sistance of the train and the total resistance of the locomotive and train established for

level tangent track than it is to convert tractive efforts into draw-bar pull by subtract-

ing the resistance of locomotive and tender from the tractive effort. Adjustments for

grades and curvature can then be made on the basis of total weight of train including

locomotive.

For example: Find the speed at which the following locomotive will haul a 3000 ton

train on a .5 per cent grade compensated for curvature:

Weight on drivers — 135 tons.

Weight of engine — 204 "

Weight of tender — 186 "

Total Weight — 390 "

Ratio of weight on drivers to weight of engine (135/204) is 66.1, which from the

chart. Fig. 1, indicates 30.7 h.p. per ton on drivers can be obtained if desired; otherwise

the dotted line for future locomotives indicating 28.5 h.p. per ton on drivers should be

used. For purposes of illustration, proceed to fill out the form Table 2 on the basis of

30.7 h.p. per ton as shown and plot speed tractive effort curve Fig. 2.

Calculate the resistance of a manifest train (40 tons per car) on a level tangent track

for various speeds and add the corresponding locomotive resistance as follows:
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Resistance of 3000 Ton Train and 390 Ton Locomotive on Le\el

Tangent Track and on O.S per cent Grade

Res. 0.5 Total

MPH
10 .

20 .

25 .

30 .

35 .

40 .

45 .

50 .

Res..
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Explanatory Note.—Some locomotive designs are not proportioned to give starting

tractive efforts equal to 25 per cent of the weight on drivers. In these cases the weight

on drivers, Item 2, should be adjusted to corrcrjiond to four times the maximum tractive

effort and used in place of the actual weight on drivers.

Max. Tractive Effort = .85 X^' X S X f"

D
d ==: Diameter of cylinders in inches.

5 = Stroke in inches.

/* = Boiler pressure in lbs. per sq. inch.

D = Diameter of drivers in inches.

n *t« la ——<- —'—-— i M 1 1
' I sssMMsmiaESii

TYPICAL
SPEED TRACTIVE EFFORT CURVE.

2-8 "4- LOCOMOT/VE

WT ON OR/VERS /35T0NS

WT. OF ENGINE 204TONS
WT OF TENDER 186 TONS
TOTAL WEIGHT 390TONS

20 30 40 SO 60 70

MILES PER HOUR
Fig. 2

80 90

Example: What weight of train will the given locomotive haul on a 1.0 per cent

grade compensated for curvature at 20 mph?
Train resistance 20 mph 6.09 lb. per ton

Resistance of 1.0 per cent grade 20.00 " " "

TOTAL 26.00 " " "

Locomotive resistance at 20 mph 1,253 lb.

Resistance of 1 .0 per cent grade 20 X -^^0 7,800 "

TOTAL 9,053 "

Driver Tractive Effort at 20 mph 57,000 lb.

Less Locomotive Resistance 9,053 "

Net Tractive Effort on D-B Pull

Weight of train 47,947/26.09 =: 1840 tons.

47,947



260 Economics of Railway Operation

^ 't

50
o o

^^
?*
^§

-J 5P:
"? f; o005
<». 5 o
>: ? o
*^ 3
I

«:^5 o
o Ha Us

V> -J



Economics of Railway Operation 261



262 E conomics of Railway Operation

Oil-Electric Locomotives and Rail Cars

The chief difference between steam locomotives and oil-electric locomotives and rail

cars is in the matter of applying power which makes it possible to modify the design and
construction of locomotives along broad lines. Thus far the designs follow those of elec-

tric locomotives and motor cars with the engines and generators carried inside the cab

or car body and mechanically independent of the propulsion motors mounted on the

trucks.

In the present development stage there is not sufficient statistical data availab.e to

attempt an analysis of the relation of engine horsepower and weight to the weight of

locomotive or weight on drivers. It is, therefore, impossible to construct a chart for

oil-electric locomotives and rail cars, similar to the one shown in Fig. 1 for steam loco-

motives. However, if the horsepower capacity of the oil engine and the weight on

drivers is known, it is possible to compute the tractive efforts and horsepower output of

the locomotive for various speeds without any other design data by following the forms

shown in Tables 3 and 4.

These forms for oil-electric locomotives and rail cars are based upon typical applica-

tions of electric generators and motors and can be used advantageously in preliminary

estimates or in cases where design data is not available.

Theoretically, the horsepower output of oil-electric locomotives and rail cars can be

obtained as illustrated in Fig. 3 and 4, where the horizontal line correspond.ng to 100

per cent represents the horsepower capacity of the oil engine. If the power required to

operate auxiliaries is supplied by the main engine, it is necessary to deduct this power

from the engine output as indicated by the horizontal line labelled "Engine Output less

Auxiliaries" and which represents the gross amount of power supplied by the engine for

traction. The output of the locomotive is obtained by subtracting the transmission loss?s

from the power available for traction.

In practice these losses are carefully calculated from design data and include gen-

erator and motor losses and the losses in motor gearing and locomotive wiring. They

are somewhat affected by changes in motor connections and will also vary with different

motor and generator applications but it is usually safe to disregard these latter variations

so far as locomotive performances are concerned.

It is proper, however, to differentiate between Road locomotives and Switching loco-

motives and Rail Cars, because large motors and large generators are usually more effi-

cient than small motors and small generators and because the power required to operate

auxiliaries is a greater percentage of the engine capacity in the case of small powers than

for large powers. For these reasons, it is assumed that the nominal horsepow?r output

of road locomotives equipped with large powers will amount of 78 to 82 per cent of the

engine capacity which includes 4.0 per cent for auxiliaries. The nominal horsepower out-

put of switching locomotives and rail cars equipped with smaller powers will amount to

73 to 77 per cent of the engine capacity which includes 7.0 per cent for auxiliaries.

If the auxiliaries are supplied from an independent source, the power available for

traction can be correspondingly increased, namely 4.0 to 7.0 per cent as the case may be.

Speed Tractive Effort Curves—Oil-Electric Locomotives

The method for calculating the speed tractive effort and horsepower curves of oil-

electric locomotives and rail cars is similar to that outlined for steam locomotives, except

that the maximum tractive effort for oil-electric locomotives has been assumed to be

equal to 30 per cent of the weight on drivers.
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The maximum speed at which the locomotive will develop its maximum tractive

efforts is denoted by V, and depends upon the horsepower capacity of the oil engine and

the amount of loss in the transmission. With electric drive, losses govern the heating of

generators and motors and determine their capacity. For typical locomotive equipments

the losses during starting may amount to 35 to 40 per cent of the normal output of

the locomotive, or in other words the output corresponding to Vi will amount to 60 to

65 (63.2) per cent of normal output from wliich Vi in miles per hour is found to be

equal to .395 times normal output, the same as for steam locomotives.

Table 3

FORM FOR CALCULATING
THE TRACTIVF4 BPPORT AUD HORSKPOWER CDTPUT

OF DIESEL-ELECTRIC LOCOTOTiygS

1, Weight on drivers (Tone),
2, Weight of locomotive

Rated horsepower of dleeel engine.
Horsepower required for auxlllarlee.

3.

4.

6. 'Nominal horsepower output of locomotive.

6. Horsepower per ton on drivers Item 5/ltem 1.

7. Vi • .395 X Item 6
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In practice the engine and generator characteristics are not a true fit throughout the

entire speed range because the voltage of the generator is limited, which prevents the en-

gine, if governed, from deUvering its full capacity when higher voltages are unattainable.

The speeds where this condition is likely to exist for various types of equipment are indi-

cated on the form Table 3 by (x), (y) and (2) for freight and switching locomotives,

passenger locomotives and rail cars. In other words, a locomotive normally geared for

freight or switching service will ordinarily not develop its full output at speeds above 10

to 12 times Vi. The limit for passenger locomotives will probably be between 14 and 16

times Vi and for high speed rail cars it is generally above 20 times Vu

yORlI ?0R CALCULATING
THE TRACTIVB B?FORT AMD HORSEPOWER OUTPUT

0? DIESEL. ELECTRIC RAIL CABS

!• Weight on drlvera (Tons)
2. Weight of Traln_ I

3.

4. . _

5. 'Nominal horsepower output of rail oar_

Rated horsepower of dlesel englne_
Horsepower required for auxlHarl«8_

6. Horsepower pe
7, Vj - .395 X I
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12/14 X 68 or 58 lb. per ton. At 16l''i the tractive effort will be approximately

12/16 X 59 or 44 lb. per ton on drivers and similarly for other speeds in excess of that

for which the locomotive is geared.

Oil-Electric Rail Cars

On account of the fact that high speed is important in typical rail car service, it is

necessary to be able to use the full engine output over a wider range than needed in

locomotive service. This can be accomplished in a number of ways, by changing the

motor gearing, by changes in motor and generator windings or by both. In any event,

the transmission losses at slow speed are inherently greater in the case of rail cars than

for locomotives, as indicated in Fig. 4.

Since it is not important for rail cars to be able to start heavy trains, it is per-

missible to design the equipment for lower tractive efforts in starting than required for

locomotives. For guidance in preliminary estimates for rail car applications a special

rail car form has been prepared as shown in Table 4. The chief difference in the locomo-

tive and rail car forms is in the substitution of lower tractive effort values for Vi and

for some of the multiples of Vi.

The application of the tractive efforts and horsepower outputs are the same as for

steam locomotives previously discussed.

Reference is made to AREA Proceedings, Vol. 34, 1933, pp. 555-575 and Vol. 35,

1934, pp. 890-904 for a discussion of Steam Locomotive Capacities.

Your Committee offers this report as information and requests that the assignment

be continued.

Appendix E

(7) OPERATION WITH REDUCED NUMBER OF MAIN TRACKS

B. J. Schwendt, Chairman, Sub-Committee; B. T. Anderson, G. S. Crites, J. H. Dyer,

M. F. Mannion, J. S. McBride, E. S. Pennebaker, C. P. Richmond, H. F. Schryver.

The Committee this year has confined its study to one railroad, and has requested

that the subject be reassigned.

Your Committee reports progress.

Appendix F

(9) THE ECONOMIC LIMITS OF THE MOVEMENT BY THE RAIL-

WAY OF FREIGHT FROM SHIPPER TO RECEIVER. BY RAIL,

BY HIGHWAY OR BY A COMBINATION OF BOTH

V. T. Houghton, Chairman, Sub-Committee; E. Y. Allen, F. D. Beale, G. S. Crites,

Olive W. Dennis, E. M. Hastings, F. H. McGuigan, Jr., P. J. Ncff, C. P. Richmond,

W. N. Wilson.

Your Committee has made progress in considering the above subject. Investigations

include a study of various reports that have been developed during the past eighteen

months; however, the work has not progressed sufficiently to permit a report being pre-

sented at this time. It is hoped that information of value will be available to this Com-

mittee concerning which it will be able to report next year. Your Committee, therefore,

reriursts that the subject be continued.
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Committee.

To the American Railway Engineering Association:

Your Committee respectfully reports on the following subjects:

(1) Revision of Manual. Progress in study-—No report.

(2) Standardization of parts and accessories for railway maintenance motor cars

(Appendix A). Progress report.

(3) Adaptability of power tools in maintenance of way work. Progress in study

—

No report.

(4) Developments in design of railway motor cars (Appendix B). Complete and

presented as information. Recommend subject be discontinued.

(5) Use and adaptability of track type tractors in maintenance of way work (Ap-

pendix C). Progress report.

(6) Methods of keeping data on work equipment and labor saving devices. No
report—Recommend subject to be discontinued for present.

(7) Selection and training of maintainers and operators of work equipment. No
report—Recommend subject be discontinued for present.

(8) Use of ballast discers (Appendix D). Complete and presented as information

—Recommend subject be discontinued.

(9) Machines used for rail laying and their auxiliary equipment. Progress in study

—No report.

(10) Track welding equipment (a) oxy-acetylene; (b) electric arc collaborating

with Committees IV—Rail and XXH—Economics of Railway Labor (Appendix E).

Progress report. Supplementary to this report the Committee presents information for

welders under (Appendix F) and monographs on instrument for measuring rail and bat-

ter (Appendix G).

(11) Prepare Manual of Instructions for care and operation of maintenance of way

work equipment. Progress in study—No report.

The Committee on Mainten.ance of Way Work Equipment,

C. R. Knowles, Chairman.

Bulletin 372, December, 1934.
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Appendix A

(2) STANDARDIZATION OF PARTS AND ACCESSORIES FOR
RAILWAY MAINTENANCE MOTOR CARS

G. R. Westcott, Chairman, Sub-Committee; Walter Constance, J. T. Derrig, G. J. Er-
mentrout, Paul Hamilton, R. C. Havnes, Jack Largent, E. H. Ness, C. H. Ordas,

W. J. Ryan, J. G. Sheldrick, H. E. Stansbury.

When tentative designs for wheels and axles on section duty motor cars were de-

veloped by this Sub-Committee, working under Committee XXII, and adopted by the

Association at the 1930 Convention the design for loose wheel construction was not in-

cluded. It was expected that report on this would be prepared this year, but such a

variety of opinion was found to exist as to the best design, that no conclusions could be

reached.

In connection with the study of loose wheels, it was developed that the designs

adopted for tight wheels and axles were lacking in some details, and further information

has been collected on these details during the past year.

Consideration has also been given to a number of minor accessories and parts such

as grease cups, shut off cocks, rail sweeps, and details of ignition systems.

The Committee feels that further study should be given all of these matters and is

therefore reporting progress only.

Appendix B

(4) DEVELOPMENTS IN DESIGN OF RAILWAY MOTOR CARS

G. R. Westcott, Chairman, Sub-Committee; G. P. Asbury, Walter Constance, J. T. Der-
rig, G. J. Ermentrout, C. L. Fero, Paul Hamilton, R. C. Havnes, Jack Largent,

E. H. Ness, C. H. Ordas, N. M. Trapnell.

There is no other industry of comparable size in the United States on which the

work of construction and maintenance of the plant is so widely spread geographically

as on the railroads of the country. This condition introduces a problem in the handling

of men and materials that is peculiar to the railroads.

The first efforts at meeting this problem resulted in the building of the push car,

which gave great relief in the handling of materials but offered no help in the moving

of man, until some one, calling on his experience in poling a boat, applied the same

method to the push car.

This proved not very satisfactory and soon gave way to a hand crank operated by

two men and geared to the axle of the car; and this in turn was replaced by the well

known walking beam and gear driven hand car. The latter was a great improvement

as it permitted the entire gang to work in propelling the car. Its success is evidenced by

the fact that there are still in daily operation many hand cars, varying in some details of

construction, but none whatever in principle from those first used.

For one to three men there was also developed the hand speeder or velocipede, a

light car with load carried over one rail, with a guide wheel running on the other rail.

This was propelled by means of hand and foot levers operating a crank geared to the

driving wheel.

Thus in the early days there were, of a sort, conveyances both for the gang and for

one to three men on supervisory or inspection duty.
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But the velocipede and the hand car both had their drawbacks: they both drew

heavily on the energy of the men, reducing seriously the output of useful work. Too, they

were slow; had the present day rule against operation in excess of fifteen or twenty

miles per hour then existed, violations would have been unknown.

For many years, however, nothing better appeared, further progress of necessity

awaiting the development of a source of power that was at once simple, light, economical

to operate and fairly dependable.

Such a source of power or prime mover was found in the internal combustion engine

and the introduction of the motor car followed closely the introduction of that type of

engine. Even in the early development days, the motor car lagged but a few years be-

hind the engine, in spite of the fact that the engine was then rather unreliable. As the

dependability of the engine increased motor car manufacturers have been quick to utilize

such improvements in the engine as were adaptable to the peculiar needs of the motor car.

The needs of the railroads, in the matter of providing facilities for gangs of various

sizes have always been a controlling factor in design. Forty years ago, the outstanding

needs were for the two types already mentioned, namely, a car designed for the use of

one to three men in inspection service, a development of the velocipede, and a light gang

car, the outgrowth of the hand car. Later came a demand for a distinctively one man

car, that could however, carry two or three men, and a heavy duty gang car suitable for

carrying twelve or more men and capable of towing one or more trailers loaded with men

or materials; and finally a heavy inspection car enclosed for protection against weather

with a seating capacity of 6 to 8 men or more and designed in both power plant and

frame for considerably higher speeds than the cars in other groups.

These five groups, namely (1) One man car (2) Light inspection car (3) Light duty

gang car (4) Heavy duty gang car and (5) Heavy inspection car include practically

all cars now in use.

The first gasoline engine propelled motor car to be placed on the market was brought

out in 1896. It was a three wheeled side load type, patterned after the velocipede, and

was designed as a light inspection car for use of two or three men. It had a two cylin-

der, horizontal, air cooled, four cycle engine with connecting rods operating on cranks

attached to the rear axle, being therefore of the so-called direct connected type.

The early cars designed for section gang use were converted hand cars, with engine

replacing walking beam. Various methods of applying the power were used, the most

common being the use of belt and pulleys. Mounting the engine on a sliding base pro-

vided the means for tightening the belt, and these cars were thus of the "free running"

engine type.

Thousands of hand cars were thus converted into motor cars, the engine in many

cases being purchased by the section foreman for application on a railroad owned car.

For many years the belt and pulley type of construction has remained in favor, nearly

all motor car manufacturers having at some time built cars of this type. Substituting

a belt tightening idler pulley for the sliding base engine mounting is a variation that is

yet to prove its superiority although growing in favor.

The direct connected principal as used on the early light inspection cars, was later

applied to the smaller gang cars. However, as the engine could operate only when the

car was moving, and could therefore be started onlj' by pushing the car along the track,

the starting was difficult in cold weather and especially when rails were wet, or frosty.

Nevertheless, this type, made with two or three cylinders persisted for many years; in-

deed, many such cars are still in daily service although the type has been largely super-

seded in manufacture.
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Both two cycle and four cycle engines have been, and are still used. Some manu-

facturers have considered the motor car as a tool, holding the simplicity in design and the

small number of parts in the two cycle engine to be of controlling importance. In addi-

tion to the fact that this type of engine involves only about one half the number of

parts found in the four cycle engine, the characteristic of operating in either direction

simplified the car construction, as it made unnecessary any form of reverse gear, and per-

mitted the simplest type of power transmission such as a belt or a clutch and chain.

Naturally the direct connected cars were generally equipped with two cycle engines.

Based on the number of cars now in use it may be said that the two cycle eng'.ne is

still the most popular for use on the smaller cars, i.e. cars in groups (1), (2) and (3).

Other manufacturers have been strong proponents of the four cycle engine, believ-

ing that its greater fuel economy outweighed the disadvantages, even for the smaller

cars, of the multiplicity of parts and the requirements of some form of reverse gear in

the power transmission. In addition, the two cycle principle is not very effective in

multiple cylinder engines of the free running type, and as the need for greater power

arose the manufacturers naturally turned to the four cycle engine. This type is gen-

erally used on the larger cars, i.e. cars in groups (4) and (S) ; being of the water-cooled

automotive type.

The motor car engine often operates at near its maximum capacity and the need

of adequate cooling is obvious. While water cooling is generally more effective, it has

been considered objectionable especially in the smaller cars of groups (1) and (2) on ac-

count of the weight involved. Where air cooling can be used effectively, it also has the

advantage of greater convenience especially in freezing weather. For groups (3), (4) and

(5) water cooling is most popular, the conventional automobile radiator system either

with or without pump being used in the latter two groups.

Perhaps the most common system of water cooling on the smaller cars is known as

the hopper type, consisting simply of surrounding the cylinder with a water hopper, of

such design that freezing of the water will not break the hopper. A very successful

modification of this introduces a condenser to which steam generated by the engine heat is

conducted, there condensed, and then returned to the hopper. In this case also there is

no damage by freezing as no water remains in the radiator like condenser. This arrange-

ment furnishes more efficient cooling than the simple hopper at the same weight.

Naturally the first motor cars inherited from their predecessors, the velocipede and

hand car, frames of wood construction. Later, the greater application of steel to con-

struction generally led to its use in this feature of the car. While the steel frame is now

commonly used in the larger and heavier cars, its use on the smaller cars has not proven

so satisfactory and the wood frame still has many adherents insofar as the latter arc

concerned. Opinion, in the case of hght gang cars, is still divided as to the relative merits

of wood and steel.

Combinations of wood and steel have proven effective in some designs, and in recent

years frame members of heat treated aluminum alloy have grown in popularity.

The operation of a motor car especially by one or two men or a small gang must,

at best, be classed as a hazardous occupation, and the safety of the gang and of train

traffic as well may often depend on the ease with which the car can be removed from

the track. Light weight is therefore of first importance and has in recent years b:en the

subject of much study.

Some distinctively safety appliances have tended to increase weight without con-

tributing anything to ease of handling. Among these are safety rails, adequate tool trays,

rail sweeps, and on the smaller cars, four wheel brakes. Experience has, however, shown

most of these to be essential. Other appliances such as extension lifting handles and rail
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skids, while increasing weight somewhat, have increased materially the ease with which

the car can be handled.

A direct reduction in weight has been brought about in several ways. One of these

is greater care in design of parts in both engine and car. This has involved, in some in-

stances, the reduction of the number of parts for performing a given function, and in

others, the reduction in weight of a single part; in no wise sacrificing the efficiency of

performances in either case.

The use of heat treated aluminum alloys in frame construction has already been men-

tioned. This material has also been used with excellent results for bearing housings,

wheel centers, and certain engine parts. Steel alloys and the heat treatment of steel parts

to secure equal strength with less volume or greater strength with the same volume have

come into use with gratifying results also.

A very promising means of reducing weight recently introduced is the use of Ply-

metl, a combination of wood and steel, for floor boards and seat decks.

By these means, one manufacturer has reduced by ten percent the weight of one

design of light gang car, at the same time increasing by one third the power of the car

and adding a number of safety features such as rail skids, extension lifting handles, and

larger safety rails.

Such developments are most effective in meeting the modern demand for increased

safety.

Mention should be made of the influence of the automotive industry on the develop-

ment of the motor car. As the original conception of the motor car was dependent on

the appearance of the gasoline engine, so the improvement of the car has run parallel

with and, in many features, has been dependent on th.at of the automobile. To the

automotive engineers must go most of the credit for refinements in carburetion and igni-

tion. For example, the carburetor on the earliest motor car constructed as a complete

unit consisted of an arrangement of screens, wire gauze and felt over which the gasoline

was made to seep or flow slowly, being vaporized therefrom by air drawn through in

suitable proportions. Contrast, if you please, the relative efficiency of this with that of

the modern carburetor. The early ignition devices were equally crude and inefficient as

compared with the present day magneto or battery and coils.

The actual power of an engine of given size has been greatly increased by the use of

pistons, in whole or in part, of aluminum alloj'S, of aluminum alloy connecting rods, and

of cylinder heads of high compression type.

The use of ball and roller bearings, in both engine and car, is also a result of de-

velopments in the automotive field and has not only increased largely the power relative

to weight, but has in addition materially reduced the cost of maintenance.

Among other features in which the automotive influence has been felt may be men-

tioned, improvements in the design of clutches and gears, radiator type cooling, and the

working, in the fitting of parts, to tolerances of undreamed of accuracy. The develop-

ments, also, in metal alloys and in the heat treatment of metals, while not the direct

work of automotive engineers, have come about largely in response to a demand from

that industry for greater strength without increase in weight.

These refinements and improvements were not, except in a few instances such as the

use of the automobile type engine on the larger cars as mentioned above, directly adopted

from the automobile industry. In most cases it was necessary that the manufacturer re-

design and adapt each feature to fit conditions essentially different from those in the

automotive field; but the principles developed in the latter were, where applicable, taken

over and used to the betterment of the motor car.

What may be expected in the future development of motor cars is largely a matter of
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conjecture. Changes in methods of maintenance work, involving the use of larger gangs

will doubtless increase the number of cars in group (4) with a corresponding reduction in

the number of cars in group (3). That, however, concerns only the relative number of

cars in the different groups. It is not possible to forecast a need for any type of car not

now available except that cars in group (4) may increase in size, and power.

There are however, certain lines of development that may be expected. The true type

Diesel engine while not now available in small sizes suitable for motor car use, is under-

going rapid- development and its use at least in groups (4) and (5) may not be very far

in the future.

The progress in metallurgy in recent years may be expected to continue, bringing with

it a further lightening of the metal parts of the car, with equal or greater strength and

durability.

That there will be radical changes in general design i? not now apparent, but that

many refinements in detaUs will be made is not to be questioned.

In standardization and interchangeability of parts, and changes in design to permit

ready renewal of parts most subject to wear, the progress has been somewhat slow but

some notable improvements have already been made.

As an illustration consider the matter of wheels and axles on the section car. By the

use of improved type of roller axle bearings, thrust collars and loose wheel bushings,

practically all mechanical wear on the axle has been removed. The use of wheels with

demountable tires has reduced the cost of replacements materially by making it possible

to renew only that part of the wheel which is subject to rapid wear.

There is one significant condition affecting the future development, that should not be

overlooked. The earlier days of motor car use were pioneering days in which the investi-

gating and designing was largely done by the manufacturer, and the participation on the

part of the railroad man was mainly limited to excoriations of the motor car maker be-

cause his product, like the Missouri Mule, was temperamental and might or might not

perform according to expectations. Too, as the mule was ill adapted to the job of

pulHng the family carriage, so was the early motor car ill adapted to many of the jobs

for which it was used.

There came about therefore a realization that a little careful breeding was necessary;

that the hybrid resulting from the conjugation of the hand car and gasoline engine was

suitable only for certain purposes and that a careful selection of stock was necessary to

fully meet the needs as they changed from time to time.

From this thought grew a closer cooperation between the maker and the user; the

maker bringing to the problem his knowledge of the materials available and of the manu-

facturing processes involved, and the railroad man making known his needs and pointing

out the weaknesses to be avoided or overcome.

This cooperation was never so strong as at the present time, and it may be confi-

dently expected that there will result much more rapid progress in development of cars

of greater adaptability, economy of operation, and safety.

Conclusions

1. All types of motor cars required by present day methods of maintenance are now
available.

2. Future developments will probably be in refinements in construction rather than

in radical changes in design.

3. In the future, closer cooperation than in the past, may be expected between maker

and user.

4. Should future changes in maintenance organization require cars of a type not now
available this cooperation may be expected to produce the required car quickly.
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Appendix C

(5) USE AND ADAPTABILITY OF TRACK TYPE TRACTORS IN
MAINTENANCE OF WAY WORK

T. M. Pittman, Chairman, G. R. Westcott, G. E. Boyd, W. O. Cudworth, J. T. Derrig,

C. R. Edwards, G. J. Ermentrout, F. S. Hewes, R. A. Morrison, J. C. Ryan, Fred

Zavatkay.

Supplementing its report at the last convention, your Committee presents, herewith,

descriptions of electrfc welding machines and cranes mounted on crawler treads.

WELDING MACHINES

The rapid development of electric arc welding and the increased application of it to

maintenance of way operations, especially building up battered rail ends and repairing

frogs, switch points, crossings, etc., has created a demand for a machine capable of pro-

ducing sufficient electric current to supply an economical setup and able to move under

its own power with a minimum interference from train operation.

The track type tractor, described in detail in the 1933 report of this Committee, Pro-

ceedings: Vol. 34, p. 384, provides a mobile power plant admirably adapted to this

work. It can travel under its own power, at a speed of from 4 to S miles per hour,

to any point desired in yards or on line, along the track, across tracks and bridges, through

narrow cuts and tunnels, on the shoulder of embankments, etc., and usually can be kept

outside the clearance lines of trains. Its high degree of mobility is a very important

feature in keeping the length of cable to a minimum, thereby avoiding an excessive drop

in voltage and reducing cable maintenance. The saving in time of moving also enables

the welders to keep their arcs working a greater proportion of time which reduces the

unit cost of the work.

With the tractor as a base and source of power, the manufacturers of tractors and

of welding generators have cooperated in developing units that can be attached to stand-

ard track type tractors in a short time by means of a few bolts. These generators obtain

their power from the tractor engine and are available in a wide range of models. The

sizes best adapted to maintenance of way work are attached to the medium sized tractor?

and have ratings of from 200 to 400 amperes with a maximum output about 25% greater.

They are available with either single or double arc and some of them are equipped with

electric grinders. They are usually equipped with devices for controlling the current and

voltage. Generators of larger capacity may be obtained but they must be mounted on

larger tractors which will sacrifice some of the mobility and clearances of the smaller ma-

chines. To meet special conditions, a welder has been developed that has the generator

mounted on crawler treads similar to the track type tractor but forming an integral part of

the machine. This construction, of course, prevents the use of the machine for any pur-

pose except welding, whereas the generators used with standard tractors can be replaced

with other attachments and the tractor kept busy in useful service even though there be no

immediate need for welding. The availability of the tractor for other classes of servce

is an important factor, as it will enable the tractor to be kept at work at larger percent-

age of the time and, thereby, yield a greater return on the investment.

CRANES

The trend toward heavier rail and other structural units used in the construction and

maintenance of railroads has led to the development of machines designed to handle that

class of material with ease and economy.
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The cost of operating large cranes on rail machines such as pile drivers and the heav-

ier ditching machines has restricted their use to a small percentage of the work that re-

quires the use of excessive man power. The development of the smaller cranes on rail der-

rick cars led to a much more extensive use of machines for laying rail and handling miscel-

laneous material. These machines generally move under their own power with internal

combustion engines and in addition to operating as a derrick can perform light switching

with standard railroad equipment. Their effectiveness is limited, however, on account of

not being able to operate off of the rails. In recent developments the machine has been

mounted on crawler treads which enables it to be used for many more classes of work and

also to reduce the time lost in other operations such as laying rail under traffic, where the

crawler type machine can be run to one side of the track when a closure is made to let

a train pass and run back on the tracks as soon as the train has passed, thereby reducing

the time that would have been lost by the on-rail derrick running to a side track which

may be several miles distant or being removed from the track with rerailing devices.

Their light weight makes it practicable to load and operate them on top of flat cars and

through gondola cars, running from one car to another, for distributing or picking up

rail or for cleaning out side ditches, etc.

Such machines, small enough to be easily handled, gasoline or Diesel motored,

mounted on crawler treads, having a full circle swing and with boom lengths necessary

to handle the standard lengths of rail, are available. By changing the attachments, the

machine can be converted into a dragline, pile driver, clamshell or shovel and can be

used for handling any class of material or ditching required in maintenance of way work
Some of the suggested uses are:

Pile driver, operating from car or on the ground:

Driver piles in light bridges,

Drive foundation piles under wing or retaining walls.

Drive piles or ties in soft spots in the roadbed,
Drive cluster piles for pier or wharf protection.

Drive breakwaters or jetties.

Dragline, operating from car or on the ground:

Clean out ditches.

Slope banks,
Make channel changes,

Build levees,

Clean out reservoirs,

Strip ballast pits,

Load ballast.

Clamshell, operating from car or on the ground:

Load and unload miscellaneous aggregate,

Handle coal and cinders.

Excavate for foundations,

Handle Snow.

Crane, operating from car or on the ground:

Load and unload rail and miscellaneous track material.

Lay rail,

Shift track,

Take up track,

Erect buildings, water tanks, bridges, etc.,

Handle miscellaneous material around shops and store yards.
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Shovel, operating from car or on the ground;

Clean out side ditches,

Widen cuts.

Load dirt from pits.

Load ballast at pits.

Crawler Shovel Operating from Car.

Air dump cars wide enough to permit the passage of crawler type shovels are avail-

able. In cleaning out side ditches, the shovel or ditcher can travel through the cars wh'ch

permits the loading of a long string of cars before having to run to the dumping ground.

Standard tractors are available equipped with booms but the arrangement of the

mechanism is such that a suitable design for attaching the machinery in the field has not

been developed and, except for the boom, the machine should be considered a composite

unit. The boom length ranges from 10 ft. to 14 ft. which restricts the usefulness of the

machine in maintenance of way work.

Crawler Shovel Operating irum Car.

Machines are available in several sizes, ranging from the smaller ii^ht weight ma-

chines to the heavier, rugged ones capable of performing the heaviest classes of work
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under the most severe conditions. The general operating characteristics are similar and

the range of the approximate dimensions is as follows:

Overall width
Overall length

Bearing pressure

Weight
H.P. of engine

Length of boom
Speed—high gear

Shovel capacity

Tail swing

Lifting capacity, lb., for various boom lengths and radii.

Boom Length

9'—1"

8.S lb. per sq. in.

15000 lb. to 16000 lb.

3S
25' to 28'

4.25 mph.
H cy.
5'—7"

8'— S"
10'—10"

28.5 lb. per sq. in.

52000 lb. to SSOOO lb.

65
35' to 45'

1.5 mph.

Va cy.

8'—9"

Radius
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The smaller discer cuts an ideal sod line and is useful for dressing up shoulders on

track which is badly washed. It is also good for following up the large 5 to 8 ton

higher-speed discers where light weeding is desired which does not require the power of

a big discer.

One type of machine is now supplied with scarifiers and bladers which operate

more economically in rock ballast than discs. These scarifiers are also being found so

satisfactory in hard-caked foul gravel shoulders where they are used primarily for drain-

age, that additional disc wings are not considered necessary, either for weeding or leaving

a sightly shoulder. If desired to cut sod lines, one or two discs can be attached.

These scarifiers can be adjusted to open mud pockets around ties, of standard length

and need not be lifted when an occasional tie is encountered, which projects a few

inches farther out; the inside scarifiers undercut only these projecting ties, (unless set to

go farther in). Any desired depth and slope of cut can be made, outward from the ends

of ties. A comparatively smooth surface is left in the subgrade, aiding lateral drainage

from the crib.

The scarifying wings on the larger units handle without difficulty rock bal'ast or the

most stony pit-run gravel shoulders where discs v/ould roll up to the top. The wedge-

shaped scarifiers bring large stones to the top where they can be removed to avoid un-

necessary wear and tear on light discers used for weeding.

An important effect of scarifiers upon both rock and gravel ballast is the sifting

downward of fine dirt to a greater extent than with discs. The more trips, the better the

separation and the better drainage is established through the upper shoulder, outward

from the ends of tie pockets which have had their mud "stocking" or dam at the ends

of ties, undermined and dropped off by scarifiers.

Weeding by scarifiers in gravel is producing good results, particularly on heavy roots

such as quack, salt, and Johnson grass. The points go deep enough to uproot and comb

out the weeds with less probability of cutting the tops from roots, or chance of burying

roots to grow again. The wings are raised by air, while bunched up weeds and roots

are pulled off the points by hand as often as necessary.

Regardless of whether these big traction units are operated with disc or scarifier

wings the cost of operation per mile is about half that of smaller discers for the same

work. The saving results from being able to go faster, cut deeper, and quickly raise or

lower the wings by compressed air. The larger unit has an engine of 80 H.P. or more,

a four-speed transmission, and a heavy reverse gear for running either forward or back-

ward.

The larger units when fitted with scarifiers are being used to an increasing extent on

rock ballasted track to break up foul, "cemented" shoulders and reestablish drainage, in

addition to their effective use in gravel.

Several trips are made, each cut being deeper than the preceding one, the last cut

being below the level of the tie bottoms but not undercutting the ends of the ties if the

track is to be left open a few days to dry out. The scarifying has piled the rock a foot

or two away from the crib and thoroughly agitated and rubbed it together, loosening

much of the dirt and sifting it to the bottom.

The scarifying wings are then chained up and "blader" wings let down, which place

the rock back in approximately standard shoulder section if there is enough of it. The
dirt settles near the bottom of the cut, where rain helps to wash it out at the ballast toe

line. Where the roadbed shoulder is too high, the loosened rock con.stitutes a sort of

"French drain" parallel to the track, and cross drains at proper points will then give the

water an outlet.

The scarifying of rock ballast shoulders for crib drainage, increases the use which
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can be made of the larger units. Scarifiers are superior to discs for drainage purposes

in badly cemented ballast, due to faster and surer opening of the ends of tie pockets by

undercutting the "dam" on projecting ties as well as those of standard length.

As to scarifiers superseding discs in uniformly fine ballast such as cinders or screened

gravel, this Committee makes no recommendation, for local conditions such as ra'nfall,

nature of vegetation, and frequency of shoulder treatment, may require either.

The scarifier and disc wings are readily interchangeable on the large units and m^ke

it possible to keep the machine busy the year around, where climate permits. The more

miles covered, the lower the cost per mile will be, for overhead such as interest on in-

vestment, taxes, obsolescence and annual overhauling.

The more extended use of scarifiers may be inferred from the fact that the rai road

system on which the first drainage car was developed in 1931 now has five, all equipped

with the latest type scarifiers.

In the destruction of vegetation, discs and scarifiers have a definite place in con-

junction with weed burners. Roads having mowers, burners and discers run the discer?

last to dig up the roots not killed by chemicals or burning; also to maintain drainage

and repair the effects of washing.

Scarifiers and discers are on a par as to shaping ballast; either one can do a good

job with the quantity of ballast on hand, giving it a practical slope and more uniform

appearance than it had before discing. Scarifiers have the advantage of an adjustable

blader wing which can be made to do finer work than discs.

Conclusions

1. Ballast discers of both the large and small type are used extensively in the treat-

ment of ballast shoulders.

2. The smaller machines are particularly adapted to dirt, cinders and gravel ballast,

for cutting sod line and light weeding.

3. The large machines operate both discs and scarifiers for cleaning ballast and re-

moving mud pockets. The operation of the larger machines with discs is also more satis-

factory than the smaller machines in rock and slag ballast; or in gravel ballast where

large stones make it difficult to keep the discs down.

Appendix E

(10) TRACK WELDING EQUIPMENT
(a) Oxy-acetylene; (b) Electric arc.

J. M. Trissal, Chairman; G. R. Westcott, G. J. Adamson, M. D. Bowen, Walter Con-

stance, J. J. Davis, Wm. Elmer, C. L. Fero, Paul Hamilton, F. W. Hillman, L. B.

Holt, Harry Homans, Jack Largent, R. A. Morrison, E. H. Ness, J. G. Sheldrick,

L. J. Turner, Fred Zavatkay, R. P. Winton.

The report on this subject which was given at the 1934 meeting of the Association,

covered in a general way some of the differences between electric arc and oxy-acetylene

welding equipment as well as a description of some of the machines employed by

various railroads in the country. From the comments which have been received and

from the discussion which our committee has had, it would seem advisable at this time

to give a general description of the desirable characteristics of electric arc welding equip-

ment.
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CHARACTERISTICS OF DIRECT CURRENT WELDING GENERATORS

Certain electrical characteristics are desirable in generators used for electric welding.

A partial list of these characteristics along with description of just what is meant, is

given below.

1. Open Circuit Voltage—The open circuit voltage must be sufficient to readily

strike the arc when the work is slightly oxidized. The minimum open circuit voltage

should be 40 volts. The maximum voltage should not be high enough to be dangerous to

the operator. The open circuit voltage is usually between 45 and 90 volts.

2. Suitable Volt Ampere Characteristics—It is desirable that the current shall

not be excessive when the electrode is touched to the work, which might cause the elec-

trode to stick to the work or get red hot and overload the generator. On the other hand,

if the short circuit current is too low, it will be difficult to strike the arc, particular'y when

the work is cold.

(a) Constant Voltage Generators—A series resistor must be used with a constant

voltage generator to limit the short circuit current and stabilize the arc. Constant volt-

age generators usually have a voltage of 60 to 75 volts. Fig. 1 shows the volt ampere

characteristics of a 75-volt generator with sufficient series resistance to give .300 amps, at

40 volts.

£00 300 40O SCO
CORPEMT IN AMPERES

Fig. 1.—^Volt-Ampere Characteristic 300 Amp.
Constant Voltage Welding Generator with 0.117

OHM Series Resistor Loaded on Resistance Load.

(b) Inherently REGUL.iVTED or. Variable Voltage Generators—Tnlicrtnil> rcgi-

lated or variable voltage generators usually have some sort of differential series field,

such that when the current increases, the scries field opposes the main field and reduces

the generated voltage so as to limit the increase in current. These generators do not

require any series resistor. Curve ".\", Fig. 2 shows the stable state volt ampere
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characteristic of a typical variable voltage generator adjusted for a normal welding

current of 300 amps, with 40 volts at the arc. The normal welding current can be ad-

justed by changing the main field current which will also change the open circuit voltage

as shown in Curve "B", Fig. 2, or by taps in the series field without changing the open

circuit voltage as shown in curve "C", Fig. 2 or, a combination of these two for finer

adjustment.

3. Minimum Tendency op Electrode to Stick to Work—A tendency for the

electrode to stick to the work when striking the arc is very troublesome. This is often

caused by an excess surge of current immediately after touching the electrode to the work.

Inherently regulated or variable voltage welding generators usually depend on some sort

of differential series field to limit the short circuit current. It requires some time for the

p 40
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5. Minimum Fluctuation in Welding Current—In order to hold a stable arc,

the current should remain as nearly constant as possible with the varying length of arc.

Excessive momentary current when a globule of metal bridges the arc, may cause spat-
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6. Adjustment of Welding Current—Suitable means must be provided for ad-

justing the welding current in small steps over the wide range necessary for various

classes of work. Independent adjustment of the open circuit voltage and welding cur-

rent are sometimes provided in order to give sufficient open circuit voltage to strike the

arc easily for low currents, but this will usually involve additional complications. It is

extremely desirable that when the current is once set at the proper value, it shall re-

main constant without continual adjustment.

7. Adjustment of Current for Varying Lengths of Cables—Where long cables

are used in building up battered rail ends, it is desirable to be able to cut in or out short

sections of cable without having to readjust the current.

8. Wide Range of Current Adjustment—^The welding current should be adjust-

able over a range wide enough to be suitable for various kinds of work. The characteris-

tics of the outfit should be such that it is easy to hold the arc down to the lowest current

desired.

9. High Efficiency—Not only should the welding generator itself have high effi-

ciency, but the stabilizing devices, means of adjustment of the current and voltage and

size of cables used should be such as to give the maximum over all efficiency consistent

with economy.

10. Ample Capacity—The generator should have ample capacity for all classes of

work likely to be required in Maintenance of Way Departments. Formerly the N.E.M.A.

standard current rating of variable voltage metallic arc welding generators was such that

the temperature rise should not exceed 90 degrees Fahr. (SO degrees C), when loaded on

a resistance load at 25 volts for one hour. With the increasing use of coated electrodes,

requiring a higher arc voltage, generators are now being rated at 40 volts which requires

larger generators. If long cables are used, sufficient excess voltage must be provided to

take care of the voltage drop in the cables.

The standard current rating is such that the generator usually can deliver rated cur-

rent for continuous hand welding, allowing sufficient time for changing electrodes, peen-

ing, moving, etc.

The standard rating is based on the surrounding air being at a temperature of 104

degrees Fahr. (40 degrees C.) If the temperature of the air surrounding the generator is

greater than 104 degrees Fahr., due to the machine being located out in the sun, or the

heat of the engine, or if the machine is operated at high altitudes, the safe current out-

put will be reduced.

11. Weight and Dufability—Light-weight is important in portable outfits which

must be moved from point to point at frequent intervals, but should not be obtained at

the sacrifice of strength and durability.

It will be noted that in the discussion of the characteristics desired in welding gen-

erators, little information is given as to how these characteristics may be obtained. Inas-

much as this involves discussion v/hich is quite technical in its nature, it has been thought

best to confine this discussion to the report of the Electrical Section and a description of

just what can be done to secure these desirable characteristics is given on page 57 of the

Electrical Section Report for the year 1934.

12. Characteristics of Auxiliary Generators—If it is anticipated that power may

be required for the operation of electric grinders, lights, or other tools in connection with

the welding operation an auxiliary generator should be piovided. Auxiliary equipment

does not in general give satisfactory performance when operated from the welding gen-

erators on account of the great variation in voltage due to welding operations. Opera-

tion of auxiliaries may also affect the welding.

Standard llS-volt equipment can be used where auxiliary generators are supplied thus
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reducing both the cost of the initial equipment and of maintenance. In addition smaller

cables can be used than where power is taken from the welding generator.

When an auxiliary generator is used it may also serve as an exciter for the welding

generator.

Auxiliary generators should be slightly over-compounded so that the voltage at tools

and lamps will be as nearly as possible of constant value regardless of the line drop.

Crawler Mounted Welder in Oplratiun

CHARACTERISTICS OF GASOLINE PRIME MOVERS

It has been noted that there is a great divergence in the size of the engines supplied

by the various manufacturers of welding equipment. Gasoline engines should be of ample

size in order to give proper speed regulation and allow for deterioration and loss of power

due to leaky valves, worn pistons and cylinders, encrustation of carbon and other con-

tributing influences peculiar to gasoline engines. A method which has been found prac-

tical for determining the proper size of engine is as follows:

Calculate the kilowatt capacity necessary to supply the maximum rated output of

the welding generator and auxiliary generator, if used. This should then be divided by

the efficiency of the generator, if available, which is in most cases about 80 per cent.

This figure converted to horse power with 50 per cent added for reserve will give the

brake horse power of the engine required. Select from the power curve an engine which

will give the required horse power at the proper speed.

The increase of SO per cent over calculated horsepower may be debatable but ex-

perience has indicated that an increase of approximately this much is necessary to insure

satisfactory operation after the equipment is several years old.

The gasoline engine should have a governor which will give very close speed regula-

tion. The electrical characteristics of the welding generator and the performance of the

machine itself are dependent to a great extent on this regulation.

When the equipment is to be used in locations where the temperature in the winter

is below freezing, the use of an electric starter is almost a necessity and some method of

heating the manifold is very desirable in order to insure easy starting in cold weather.

It is desirable to have a hfind throttle to permit of reducing engine speed during

warming up period.
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Appendix F

INFORMATION FOR WELDERS

The following is information which one railroad gives to its welders so that th:y may
familiarize themselves with terms used in connection with electrical welding equipment

and with the operation and maintenance of this equipment.

Direct Current (D.C.)-—Current which always flows in the same direction.

Voltage (Potential, Electro-Motive Force)—Voltage in electricity corresponds to

pressure in water. A voltage is necessary to cause an electric current to flow through a

closed circuit. The voltage of the source is sometimes called "electro-motive-force" to

distinguish the voltage of the source from the voltage lost in resistance. There may be

voltage without current flowing, if the circuit is open. High voltage may be dangerous

to life, whether or not there is any current fiowing.

In any closed circuit, the sum of all the voltages consumed by the various portions

of the circuit will be equal to the electro-motive force of the source. As, for example,

in a public utility power system there will be voltage consumed in the transmission lines

between the power house and a residence, also in the wiring inside the residence and,

finally, the useful voltage applied to various devices. The sum of all these voltages will

be exactly equal to the electro-motive force or voltage at the power house.

Volt—^The practical unit of voltage (Potential, E.M.F.)

Voltmeter—An instrument for measuring voltage. The two terminals of a volt-

meter must be connected to the two points at which it is desired to measure the voltage.

Current—The quantity of electricity flowing through a conductor per second, which

corresponds to the amount of water passing through a pipe per second. It is necessary

to have a closed circuit for a current to flow. The amount of current which flows will

depend on the voltage and the properties of the circuit. Large currents are not neces-

sarily dangerous unless the conductor becomes overheated.

Ampere (Amp.)—The practical unit of current.

Ammeter—An instrument for measuring current. Ammeters for small currents arc

made self-contained. The two terminals of these instruments must be connected in series

with the conductor through which it is desired to measure the current. An ammeter

must not be connected across the two terminals of a power supply, or it will be burned

out.

High range ammeters are made with an external shunt which by-passes the greater

part of the current so that only a small current passes through the instrument. The

shunt should be connected in series with the cables through which it is desired to measure

the current, by means of the large bolts at each end of the shunt. The two terminals

of the instrument should be connected to the two small screws on the shunt by the special

leads furnished with the instrument. Do not cut off these special leads, as it would make

the instrument read incorrectly. Instruments which require an external shunt usually

have some indication like "Milli-voltmeter" or SO Millivolts = 600 amps, printed on the

dial. Such instruments must not be connected in series with the cables carrying a large

current without the shunt, or they will be burned out.

Ohm's Law—The current which will flow through a given conductor is directly

proportional to the voltage which causes it, i.e., twice the voltage wUl force exactly twice

voltage
the current through it. This can be expressed mathematically by current =

resistance

where the resistance is a property of the conductor.



M a i ntenance of Way Work Equipment 285

Resistance—The property of a conductor which opposes the flow of electric current.

The resistance of a conductor varies directly with its length, i.e., if it is twice as long, it

will have twice the resistance; inversely, with its area, i.e., if the area is twice as large,

it will have only one-half the resistance, and depends on its material. Copper wire tables

can be found in any electrical handbook, which gives the resistance of standard sizes of

copper wire. The resistance of any copper wire can be found by multiplying the ohms

per foot for the particular size from the table by its length in feet. The resistance of

copper wire increases slightly with its temperature. This explains why the voltage of a

generator falls off slightly as it warms up.

Ohm—The practical unit of resistance such that one volt will force one ampere

through a resistance of one ohm.

Voltage Drop—The loss in voltage when a current flows through a conductor.

Many times, it is desired to find the voltage drop without measuring it. If the current

and resistance are known, the voltage drop can be calculated by transposing Ohm's Law

to the form: Voltage = Current X resistance.

When it is desired to transmit electric power from one point to another, as for ex-

ample, the cables from a welding generator to the work, the resistance of the cables should

be sufficiently low to prevent an excessive drop in voltage, which must be subtracted from

the generator voltage to get the useful voltage of the arc. The drop in voltage also de-

pends on the current used; therefore, the higher the current the greater the drop in voltage

in the cables will be.

Power—Power is the amount of work of any kind which is accomplished in a unit

time, as, for example, a certain power may be required to do a given piece of work in a

given time. Twice the power would be required to do this same piece of work in half

the time.

Horsepower (H.P.)—The practical unit for measuring mechanical power. One

horsepower will raise 33,000 pounds one foot in one minute. One horsepower i equiv-

alent to 746 watts of electric power.

Electric Power—The power consumed by any direct current device can be calcu-

lated by multiplying the voltage by the current.

Electric Power Consumed in Heating—Whenever an electric current flows through

a resistance, heat is generated. This heat may be useful as in the case of an electric range

or electric welding or an unavoidable loss as in the case of the heating of transmission

lines. The power consumed in heating can be calculated by multiplying the voltage drop

by the current if both are known. In case the voltage is not known, but the current and

resistance are known, the power consumed may be calculated by multiplyin'.; the square

of the current by the resistance.

Since Power = Voltage X Current

but from Ohm's Law Voltage = Current X resistance

therefore, Power = Current squared X resistance

If the current flowing through a given resistance is twice as great, the power consumed

will be four times as great.

Watt—The practical unit of electric power.

Watt Meter—An instrument for measuring electric power.

Energy (Work)—A certain amount of energy is required to do a piece of work, as.

for example, to raise a given weight a given height, or to heat a given amount of water

to a given temperature. Energy in one form can be converted to another form. .•Ks, for

example, chemical energy in the form of coal can be turned into heat by burning it under

a boiler, the heat in the form of steam can be turned into mechanical energy by a steam

engine which may be turned into electrical energy by driving a generator, the electrical
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energy can be turned back into mechanical energy by a motor or into heat by an electric

heater or back into chemical energy in the so-called storage battery. In all of these con-

versions, there will be some loss of energy. The useful energy output plus the losses will

be exactly equal to the energy consumed at the source.
^

Electric Energy—The electric energy consumed by a device can be calculated by

multiplying the power by the time it is in operation. In direct current, the power

(watts) is equal to the voltage multiplied by the current; therefore, the energy can be

calculated by multiplying the voltage by the current and by the time. If the current

fluctuates considerably, it is much more convenient to use a watt-hour meter to measure

the energy.

KiLOWATT-HouR^—The practical unit of electric energy which is a thousand watt-

hours. Electric energy is bought and sold by the kilowatt hour.

Watt-Hour Meter—A meter used for measuring electric energy.

Efficiency—The useful pov.'er output of a device divided by the necessary power in-

put expressed in per cent.

Series Circuit—The same current flows through all the devices; therefore, the cur-

rent in any one of the devices must be equal to the current through any other of the

devices in the series circuit.

Parallel (Shunt or Multiple) Circuit—A number of devices connected to two

mains, similar to the rungs of a ladder. The individual electric lights in houses are con-

nected in parallel. The voltage applied to each of the devices must be the same, pro-

vided the resistance of the mains is negligible, since they are connected to the same two

mains. The current in the mains is equal to the sum of the currents in the individual

devices.

Electro Magnet—A coil of wire wound around an iron core. The strength of the

magnetic field produced by an electro magnet depends on the number of turns in the

coil, the current and the properties of the iron core. At relatively low currents, the

strength of the field is proportional to the current through the coil, but as the iron ap-

proaches saturation, a given increase in current will increase the strength less and less.

Induced Voltage (E.M.F.)—When a conductor is moved so it cuts a magnetic

field, i.e., at an angle to the direction of the magnetic field, a voltage is induced. The

voltage is directly proportional to the strength of the magnetic field and the speed with

which the conductor moves.

Forces on a Conductor in a Magnetic Field—A conductor carrying a current when

placed in a magnetic field is acted on by a force tending to move it at right angles to the

direction of the field. This force is proportional to the current flowing through the con-

ductor and the strength of the magnetic field. This is the principle used in electrical

measuring instruments and motors.

TERMS USED FOR ALTERNATING CURRENT

Alternating Current (A. C.)—Current which flows alternately first in one direction

and then in the opposite direction.

Cycle—The complete oscillation of the current, starting first in one direction, and

then in the opposite direction and back to the beginning.

Frequency—The number of cycles per second.

Single Phase—^A single alternating current circuit using two or three wires.

Two Phase—Two circuits in which the current is maximum in one circuit at the

time when the current is zero in the other circuit similar to the two pistons of a locomo-

tive where the cranks are set at right angles. Four wires are usually required.
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Three Phase—Three circuits in which the current is maximum in each of the cir-

cuits in succession, similar to the pistons of a three-cyhnder engine with the cranks set

120 deg. apart. Six wires could be used, but usually the three circuits are inter-connected

so that only three wires are required. Three wire three-phase circuits should not be con-

fused with three wire 110-220 volt single phase circuits in which the maximum current

occurs in all three wires at the same time.

TERMS USED FOR ELECTRICAL MACHINERY

Electric Generator—A machine for converting mechanical power into electric

power.

Electric Motor—A machine for converting electric power into mechanical power.

The mechanical constructions of various types of motors and generators are identical; in

fact, the same machine may be used as a motor or a generator.

DIRECT CURRENT GENERATORS

Yoke (Frame)—An iron ring which completes the path for the magnetic flux. The

bearing brackets in small machines are usually attached to the yoke or frame.

Pole Pieces—Iron cores projecting from the inside of the yoke on which the field

coils are placed.

Armature—A group of coils placed in slots in an iron core which generate a voltage

by rotating in the magnetic field.

Commutator—A device for changing the alternating current generated in the arma-

ture coils, into direct current. It consists of a number of copper segments, insulated from

each other by mica strips arranged into the form of a cylinder mounted on the arma-

ture shaft to which the armature coils are connected.

Brushes—Stationary carbon blocks which bear on the commutator and conduct the

current out of the armature.

Brush Holders—Holders provided with springs to press the brushes against the

commutator.

Field Con^s—Coils of wire wound on the pole pieces, which produce a magnetic

field.

Shunt Field Coils—Coils consisting of many turns of relatively fine wire shunted

across (connected in parallel with) the armature terminals. The magnetic field produced

by the shunt field coils is proportional to the armature voltage up to the point where

the iron core becomes saturated.

Series Field Coils—Coils consisting of few turns of relatively large wire connected

in series with the armature. The magnetic field produced by the series field coils is pro-

portional to the armature current up to the point where the iron core becomes saturated.

Commutatino Field Coils—Coils placed between the main field coils to prevent the

brushes from sparking. These coils have a few turns of large wire and are connected in

series with the armature so their strength is proportional to the armature current.

Separately Excited Generator—A generator in which the current for the field coils

is provided by an external source.

Exciter—A separate generator used to provide the field current for another generator.

Self-excited Generator—A generator in which the current for its field coils is pro-

vided by its own armature.

Voltage Regulation—The variation of the terminal voltage of a generator from no-

load current to full-load current without any manual adjustment. The voltage induced

in any j;cnerator at no-load is directly proportional to the strength of the magnetic field
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and the number of revolutions per minute of the armature. The strength of the mag-

netic field depends on the field current, but is not directly proportional on account of

saturation of the iron.

If the generator is loaded, the current flowing through the resistance of the coils of

the armature will consume part of the induced voltage. This drop in voltage is equal

to the resistance of the armature multiplied by the current flowing through it. There-

fore, the greater the load the more voltage will be lost and the lower the terminal volt-

age will be, unless some means is provided to increase the induced voltage.

Shunt Generator—A generator having shunt field coils only. The terminal voltage

of a shunt generator drops off slightly with increasing load current, principally on account

of the voltage loss in the armature coils.

Series Gener.'Vtor—A generator having a series field only. The terminal voltage rises

with increasing load current. Series machines are not used much as generators, but are

used as motors for fraction purposes.

Compound Generator—A generator having both shunt and series field coils.

Accumulative Compound Generator—A compound generator in which the series

field adds to the magnetic field produced by the shunt field.

Flat Compounded Generator—A compound generator in which the strength of the

series field is sufficient to make the full load terminal voltage equal to the no-load voltage.

Under Compounded Generator—A compound generator in which the terminal

voltage drops off slightly from no-load to full load current.

Over Compounded Generator—A compound generator in which the terminal voltage

increases from no-load to full load current.

Differential Compound Generator—A compound generator in which the series

field coils substract from the field produced by the shunt coils. The terminal voltage

drops off rapidly with increasing load. Used principally for inherently regulated (vari-

able voltage) welding generators.

Speed Regulation—The variation of the speed from no-load to full-load without

manual adjustment. Electric motors are different from steam and gasoline engines, in

that the power taken from the supply lines adjusts itself according to mechanical load

applied to the shaft without any governor. The speed corresponding to any particular

mechanical load will depend on the type of motor.

Shunt Motor—A direct current motor having shunt fields only. The speed drops

off only a few per cent from no-load to full-load.

Series Motor—A motor having series field only. The speed drops off rapidly with

increasing load. The speed may be excessive at no-load; therefore, series motors should

not be used where the load can be accidently disconnected, such as belts. Series motors

are used principally for electric traction. Properly designed series motors can be used

on alternating current.

Universal Motor—Small series motors which can be used satisfactorily on either

direct or alternating current. Used for small electric drills and grinders and household

devices.

Compound Motor—A direct current motor having a shunt and series field. The

speed drops off from no-load to full load more than a shunt motor. Used for rapidly

varying loads to reduce the fluctuations of current taken from the supply lines, as, for

example, Track Grinders.

Squirrel Gage Induction Motor—An alternating current motor in which the stator

consists of a number of coils, placed in slots in a laminated iron core connected to the

power supply and the rotor consists of a number of copper bars embedded in a laminated

iron core, which are all connected together by copper rings at each end. The advantage
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of this type of motor is that the rotor is mechanically strong without any commutator.

The speed drops off only a few per cent from no-load to full-load. Induction motors

are used on welding motor-generator sets.

Single phase induction motors require additional means of starting. Two phase and

three phase induction motors can be started by simply connecting them to the supply

lines.

Motor Ratings—Motors are rated by their horsepower output. On account of the

unavoidable mechanical and electrical losses, the electrical power output must be greater

than the mechanical power output. The name plate on motors usually also gives the

voltage and approximate current necessary to develop the horsepower. These data

are convenient for determining by an ammeter whether or not a motor is overloaded.

Motor Generator—A motor coupled to a generator used to convert A.C. power to

D.C. power, or vice versa, A.C. power at one frequency to A.C. power at another fre-

quency, or D.C. power from one voltage to D.C. power of another voltage. Most power

companies supply 60 cycle alternating current. In order to convert this A.C. power into

D.C. power, suitable for arc welding, a motor generator is necessary.

Resistor—^A fixed external resistance.

Rheostat—A variable resistance used for adjusting the current.

Starting Rheostat—A rheostat for starting D.C. motors. The resistance prevents

an excessive starting current until the motor gets up to speed.

Reactor—A coil of wire wound on an iron core. The magnetic energy stored in a

reactor acts like a reservoir, tending to smooth out any fluctuations in the current flow-

ing through it.

Transformer—A device for changing A.C. power from one voltage to another volt-

age. It consists of two coils of wire mounted on a laminated iron core. One of the coils

called the "primary" is connected to the supply line and the other coil called the "sec-

ondary" is connected to the load. By proper selection of the number of turns in the

primary and secondary, the transformer can be used to "step-up" or "step-down" the

supply voltage. A transformer can not be used to transform A.C. power to D.C. Power

or A.C. power from one frequency to another frequency.

Transformer Reactor—A device consisting of two coils of wire on a laminated iron

core, similar to a transformer, except that it is used with direct current. One winding is

connected in series with welding generator armature, and the other coil is connected in

series with the welding generator field coils, for the purpose of preventing "over-shoot-

ing", "dips" and wide fluctuations, in the welding current.

TERMS USED IN ELECTRIC WELDING

Electric Resistance Welding—The process of welding in which the welding heat

is obtained by an electric current flowing through two metallic objects in contact under

pressure. This process is used for butt and spot welding and requires no additional filler

rod.

Electric Arc Welding—The process of welding, in which the metal is melted by

means of an electric arc drawn between the electrode and the work.

Carbon Arc Welding—The process of arc welding using carbon or graphite elec-

trodes. The surface of the work is heated by the arc and additional metal is added if

necessary from a filler rod similar to gas welding.

Metallic Arc Welding—The process of arc welding, using metallic electrode. The

metal of the electrode is deposited on the work as it is melted by the arc.

Work—The object being welded which is connected to one terminal of the gener-

ator.
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Electrode—Movable carbon or metalloid rod connected to the other terminal of the

generator.

Bare Electrode—Metallic wire without coating or covering suitable for metallic arc

welding.

Lightly Coated Electrode—An electrode with a light coating applied by dipping

or spraying which tends to stabilize the arc.

Heavily Coated Electrode—An electrode having a heavy coating which protects

the metal in the arc from oxidation and forms a slag covering over the deposited metal

which protects it from oxidation and too rapid cooling. This process is sometimes called

the "Shield Arc Process". A longer arc can be used without danger of oxidation. Arc

voltages as high as 40 volts can be used with the resulting increase in heat and amount

of metal deposited.

Covered Electrode—An electrode having an external wrapping of cotton, cord,

paper, or asbestos or other fibrous material. A flux may be applied with the covering.

Ground Cable—The cable connected to the work.

Electrode Cable—The cable connected to the electrode.

Straight Polarity—When the electrode is connected to the negative terminal of the

generator and the work to the positive terminal, it is called Straight Polarity. With

straight polarity, approximately 60 per cent of the total heat of the arc is generated at

the work, which gives a good penetration in the parent metal. Straight polarity is used

for all kinds of work with carbon electrodes and welding mild steel with bare metallic

electrodes.

The polarity can be determined in the field with a carbon electrode. If the polarity

is "straight", the arc will penetrate deeply into the work and the carbon electrode will

not be very hot. If the polarity is "reversed" the arc will not penetrate very deeply

into the work and the electrode will get very hot.

Reversed Polarity—When the electrode is connected to the positive terminal of the

generator and the work to the negative terminal, it is called "reversed polarity". Re-

versed polarity is more satisfactory for some coated and alloy electrodes and for certain

classes of work.

Open Circuit Voltage—The reading of the voltmeter at the generator when no cur-

rent is being used for welding. On open circuit the voltage at the electrode is the same

as the voltage at the generator, since there is no voltage drop in the cables when there is

no current flowing through them. The open circuit voltage in itself is of very little im-

portance, provided it is suifficient to strike the arc. A given open circuit voltage of any

particular generator should always give the same welding current, provided the same

setting of the current regulating devices, length of cables and size of electrode is used.

If the reading of the voltmeter on open circuit is noted after the current has been ad-

justed to the proper value for certain conditions, the same current can be secured at any

time by adjusting the open circuit voltage until the voltmeter reads the same.

Arc Voltage—^The voltage across the arc while welding with normal current. The

voltage at the arc will be somewhat lower than the reading of the voltmeter at the gen-

erator on account of the voltage lost in the cables and resistor if used. The voltage lost

in the cables and resistor can be calculated if the size and length of cables, resistance of

resistor, and current are known. If this loss in the cables and resistor is subtracted from

the reading of the voltmeter at the generator, the voltage at the arc can be found.

The arc voltage is a measure of the length of arc for a particular kind and size of

electrode. The arc voltage is a valuable indication as to whether the op2rator is hold-

ing the correct length of the arc. The arc voltage for bare mild steel electrodes ranges

from 14 to 26 volts and on heavy covered electrodes 30 to 40 volts.
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Short Circuit Current—The reading of the ammeter when the electrode is touched

to the work to strike the arc.

Welding Current—The reading of the ammeter during normal welding.

Parent (Base) Metal—Original metal of the work.

Weld Metal—Metal deposited from the electrode or filler rod.

Bead—Metal deposited in a narrow strip.

Crater—The depression in Ihe molten pool indicating the penetration. This term

is also used for the depression left when the arc is extinguished by withdrawing the

electrode.

Pool—The molten area.

Penetration—The depth to which the parent metal is melted by the arc.

Fusion—The process of uniting two substances by melting and blending them to-

gether. In order to get "good fusion" the whole area to which the molten metal from

the filler rod or electrode is applied must be molten. Molten metal will not fuse or weld

to cold metal.

Ductility—A metal is said to be ductile when it can be stretched considerably be-

fore it breaks. It is the opposite of brittle. The ductility of cast metal is usually less

than metal which has been rolled or forged. The metal deposited by arc welding is

similar to cast metal. Special precautions are necessary to produce welds which have

satisfactory ductility. If a long arc is used, there is a tendency toward reduction of duc-

tility on account of absorption of oxygen from the air by the metal in the arc. Too

rapid cooling of the metal after it has been deposited may reduce its ductility.

Bend Test—A simple test of the ductility of a butt weld can be made by bending

a sample until the outer fibres crack. The angle through which the sample bends before

it cracks is a rough measure of the ductility.

Elongation—The stretch of sample when it is pulled in a testing machine until it

breaks. Two gage marks are placed a specified distance apart on the sample before it

is placed in the testing machine. The distance between these gage marks is measured

after the sample is broken. The difference between these two measurements expressed in

percent of the original gage length is called the "elongation". The elongation will de-

pend on the original gage length on account of the greater stretch near the fracture due

to the reduction of area. Comparisons can be made only when the gage length is the

same. The elongation is a measure of the ductility.

Porosity—Holes in the weld caused by dirt or gases.

Over-lap—Edges of the bead which are not fused into the parent metal, due to re-

versed polarity, too long an arc or insufficient current.

Under-Cut—Edges of the parent metal which have been melted away without being

filled flush with deposited metal. This may be caused by too high a current.

INSTRUCTIONS FOR OPERATION OF WELDING GENERATOR

The shunt field coils of the welding generator are separately excited from the auxil-

iary power generator. The series field coils are connected differential or "buck" the shunt

field coils so that on short circuit, the current through the series field opposes the shunt

field and reduces the generated voltage to prevent an exce.-sive short circuit current. The

open circuit voltage, i.e., with no welding current, can be adjusted by means of the

welding generator field rheostat. The variation of the voltage at the generator with

the welding current for various settings of the field rheostat are shown in the curve

Fig. 5. The voltage at the arc will be somewhat less than the voltage at the generator,



292 Maintenance of Way Work Equipment

on account of the voltage drof> in the cables. The drop in voltage in various lengths of

cables and various currents is shown Fig. 6.

When the current through the series field increases suddenly, it includes a voltage

in the shunt field coils, which are wound on the same pole pieces, in a direction to in-

crease the strength of the shunt field. This has a tendency to defeat the purpose of the

series field, and might cause the short circuit momentarily to "overshoot" its final va'ue.

For the same reason, the voltage might "dip" and give slow "voltage recovery" while the

arc is being started after touching the electrode to the work. The purpose of the "Flex-

actor" is to prevent "overshooting" and "dips".

Fig. S

The "Flexactor" or transformer reactor consists of a primary winding of few turns

of large wire connected in series with the welding generator armature and a secondary

winding of many turns of small wire connected in series with the shunt winding of the

welding generator both mounted on a laminated iron core. When the welding current

increases the current in the primary winding of the "Flexactor" it induces a voltage in

the secondary winding in such a direction to tend to reduce the shunt field current which

counteracts the effect of the series field on the shunt field and thereby prevents "over-

shooting".

The correct polarity of the connections of the "Flexactor" can be checked by con-

necting an ammeter in series with its secondary. If the reading of this ammeter de-
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creases momentarily when the electrode is touched to the work and increases when the

electrode is drawn away from the work, the polarity is correct. If not, reverse the con-

nections of either the primary or secondary of the "Flexactor", but not both.

If the voltage of the welding generator does not "build up" when the auxiliary power

generator voltmeter shows the correct voltage, the trouble may be due to one of the fol-

lowing causes:

1. Loose connections or defective wiring. Check all connections.

2. Defective welding generator field rheostat. Turn rheostat all the way counter-

clockwise. If the voltage now builds up, but drops off practically to nothing when the

rheostat is turned clockwise, the rheostat is burned out or the arm does not make good

contact on the buttons.

If the brushes spark, see instructions on auxiliary power generator.

There is a drop in voltage between the welding generator and the electrode, due to the

resistance of the cables. This drop in voltage depends on the current, the size of the

cables and their length. The drop in voltage in 4/0 welding cables for various currents

and lengths of cable is shown in the curves Fig. 6. To find the arc voltage at the elec-

trode; subtract the drop in voltage in cables for the length of cable and welding current

on the diagram from the Voltmeter reading at machine.

Example:

Two SOO-ft. 4/0 Cables,

Welding current 200 Amps.,
Voltage at machine 40 volts.

From Diagram Voltage Drop ==9.8 volts.

40 — 9.8 = 30.2 Volts at Electrode.

SETTING OPEN CIRCUIT VOLTAGE

For a particular setting of the welding generator field rheostat, the generator voltage

drops off as the current is increased, as shown on the curves on Fig. 7. For example,

if the open circuit voltage, i.e., no welding current, is 62 volts when the welding current

is 200 amps., the generator voltage will be only 31 volts. The voltage at the electrode

will be still less on account of the drop in the cables.

When the length of the arc is correct, the arc voltage at the electrode should be

from 20 to 40 volts, depending on the kind of electrode used. The welding current used

depends on the kind of electrode used. The welding current used depends on the kind

of electrode, diameter of electrode and thickness of material being welded. It is desirable

to be able to set the generator field rheostat approximately correct before starting to

weld a given piece of work.

Example:

It is desired to have a welding current of 200 amps, with an arc voltage at the

electrode of 31 volts, with very short cables. Follow the curve through the point 200

amps, and 31 volts up to the left-hand side of the sheet. The open circuit voltage

should be 62 volts. If the generator field rheostat is set to give 62 volts open circuit,

the welding current will be approximately 200 amps, when the correct length of arc is

used, namely, 31 volts. For points not on the curves, a curve can be sketched in fol-

lowing the shape of the curves on the diagram. The curves of individual machines may
vary slightly from those shown on the diagram, but an approximate setting of the open

circuit voltage can be made and then changed slightly to give the best results. When
the best setting has been found, if the open circuit voltage is noted the same results can

be obtained at any time by using the same open circuit voltage.

If long cables are used, the drop in voltage in the cables must be taken into account.
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Example:

It is desired to have a welding current of 200 amps, with an arc voltage at the

electrode of 31 volts, using two SOO-ft. 4/0 cables. From the curve in the diagram on

Fig. S, the drop in the cables with 20Q amps, will be 9.8 volts. The voltage at the

machine will have to be 31 plus 9.8 == 40.8 volts. Sketching in curve on Fig. 7

through 40.8 volts and 200 amps, and following back to zero current, the required open

circuit voltage would be approximately 67 volts. You will note that, although the drop

in the cable is 9.8 volts, an open circuit voltage of only 5 volts more than without the

cable is required. This is explained by the fact that the curves are closer together at

zero current.

Appendix G

PRECISION INSTRUMENTS FOR MEASURING RAIL END
BATTER MONOGRAPHS

J- By C. H. R. Howe and W^m. Elmer

BATTER PROGRESS GAGE

Increased driver and wheel loads, together with greater speed of trains, have accel-

erated the rate of end mashing of rails to such an extent that on many railways prac-

tically all main track rails have to be renewed long before the hmit of abrasive wear is

reached. As the cost of renewing rail constitutes one of the major items of expendi-

ture for track maintenance, any appreciable increase in the annual charge to this ac-

count is a serious matter.

The problems of retarding the rate of batter, and that of determining the method

to be used in ultimately repairing the damage done, are beset with many complications,

for there are numerous factors which must be considered in an analysis of the mechanics

of a rail joint. Not only the design of the rail itself, but the type of angle bars, bolts,

nuts, washers and the character of their maintenance have a bearing on the subject.

In making a study of any of the items mentioned it is, of course, necessary that the

data that is obtained be accurate, for while rail batter is readily apparent to the eye, its

progress, and also the quality of repairs made, are matters requiring very close measure-

ment. This is true in particular where studies of the effect of heat treating rail ends are

being made, and also in the case of comparative tests of different welding rods and elec-

trodes. The customary practice of using a straight edge

and feeler, or dial gages, is reasonably accurate for or-

dinary purposes, such as ascertaining whether or not the

batter has advanced far enough to justify repair work.

However, on progress tests the readings may be mis-

leading, for it has been found that after sufficient ton-

nage has passed over the joints the batter readings de-

crease. This is due to the fact that a run-off has been

rolled by the wheels, back from the Yz inch point where

batter readings are customarily taken. The run-off per-

mits the straight edge to dip from the original horizontal

position and the measurements become less than those

previously made.

In order to avoid the difficulties caused by the

change in rail head surfaces recourse must be made to

Fig. 1. some other datum from which to measure the change



Maintenance of Way Work Equipment 297

that takes place. Such an instrument was devised by F. M. Graham, Assistant Engineer

of Standards, Pennsylvania Railroad. The instrument shown in Fig. 1 was designed and

built, following Mr. Graham's idea, by the Chesapeake and Ohio Railway for use on its

lines.

The instrument consists of a bridge, which spans the rail head, and a twenty-four

inch straight edge with a dial gage, reading to thousandths, at one end. The bridge is

placed over the rail and centered by the proper shim for the rail head width. The bridge

is first clamped to the rail head by means of hollow screws. After clamping the rail is

prick-punched through the hollow screws, the punch marks being below normal wear of

the rail head sides. After punching the hollow screws are removed and replaced by

cone pointed screws, which are entered in the punch marks. The same punch marks

are used in all successive readings, consequently the datum is permanent. Following the

placing of the bridge, the straight edge, which is suspended from two riders, is placed

in the frame. The dial is next set at zero, using a V shaped stirrup, which is temporarily

hung on the bridge. The stirrup is then removed and the readings taken on the rail. On
the side of the bridge there is marked a scale extending back twelve inches, so that by
moving the gage along the bridge and taking readings, data is obtained from which a

profile of the rail head may be plotted.

A profile is shown as Fig. 2. Each of these charts show composite graphs of ten

rail joints, taken at varying intervals. The charts respectively show the progress of batter

on rail ends that have received previous conditioning either through heat treatment or end

beveling.

RAIL END BATTER CUR\ E TRACING MACHINE

The progress of o.xy-acetylene welding of rail ends closely resembles the arf of forg-

ing, and the rail ends may be rebuilt and shaped either by working with a flatter and

chisel, or the weld metal can be deposited and ground to proper surface in the same

marmer that is employed in finishing electric arc welds.

During the early days of gas welding battered rail ends, it was customarj' to employ

a flatter to finish the joint, and such work was fairly satisfactory when done by a compe-

tent gang. After electric arc welding was introduced, it was necessary to grind off the

deposited metal with a surface grinder, and the available machines were few and not

capable of giving a true surface. The earliest type carried an edge grinding wheel driven

by an electric motor or gasoline engine, mounted on a 4-wheel carriage, the whole ma-

chine rolling back and forth along the rails, the wheels being fed down by hand. But

the top of the rail head is not a true surface, and the lost motion in the spindle bearings

and feed screw prevented accurate work.

In order to show a picture of conditions before and after welding and grinding, it

was customary to measure the distance from the top of rail to the bottom of a straight

edge, evrey half inch or inch for 10 or 12 inches each side of the joint. These measure-

ments were taken by a taper gauge or feelers and recorded in a note book in thousandths

of an inch, and then in the office plotted on tenths cross section paper with a magnified

vertical scale. It took nearly half a man hour to record and plot a joint, and this seemed

so slow and expensive that the machine shown in Fig. 3 was designed and built. It

consisted of a 4-ft. straight edge (with leveling screws at each end) on which operates a

sliding member, or crosshead, back and forth, the movement being 28 inches. At the left

hand end of the crosshead is a fixed post carrying a pencil at its upper end which draws

a straight mark or base line across a face of 30 in. wide paper, passing over the front of

an 11 in. wide board, feeding from and to l)-4 in. diametei wooden rollers on the back

of the board, turned by means of the handles seen at the left. The paper is prevented



298 Maintenance of Way Work Equipment

Fig. 2.



Maintenance of Wa}' Work Equipm e n t 299

\\*n\vi



300 Maintenance of Way Work Equipment

from unrolling freely by springs pressing on the rolls at the back, and is kept from

lifting by the wind by the guards at each end on the face of the board.

Pivoted at the left hand end of the crosshead is a 16 in. long lever of aluminum of

trussed shape for stiffness, and 2% in. from the pivot is an arm extending downwards,

carrying at its power end a l}i in. diameter roller with a ^ in. wide crowned face. The

right hand end of the lever is connected by a link to a similar lever above, pivoted at its

right hand end to a post on the crosshead, and carrying a pencil at its left end which

Fig. 3.

Fig. S.
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makes a mark on the paper, multiplying the vertical movements of the roller 50 times.

The crosshead is moved along the straightedge by turning a crank, on the axis of which

is a pinion meshing with a rack cut on the lower edge of the straightedge.

The machine is provided with a handle at the top for carrying, and can be moved

from joint to joint and the curve taken in about a minute. It is a great help in in-

structing grinders and explaining to them what kind of results we want and checking

their work to see how they are leaving the joints. Sample curves are shown in Fig. 4.

A triangular scale with divisions of one-twentieth of an inch can be used, and it will

give readings from the base line in thousandths of an inch.

A third machine, combining the good features of both the above described units,

has been designed by F. M. Graham, and Fig. 5 illustrates it in position on the track at a

joint. The straightedge is formed with an I-beam section for lightness and strength and

the multiplication of the vertical movement of the roller is made by gears and pinions in-

stead of by levers. The base line and top-of-rail contour are recorded on the paper roll as

in the first P.R.R. machine, and in addition an Ames dial gauge gives a direct reading

-f or — in thousandths. The clamps securing the machine to the rail are quick—de-

tachable by the movement of one lever and the contours along three lines may be taken

by a shifting device—either the center of the rail head, three quarters of an inch towards

the gauge side, or three quarters of an inch towards the outside.

The positioning of the machine is effected by short fs in. diameter round bars at the

bearing faces of the clamps under the head of the rail so that the machine may be re-

peatedly set up over a joint or elsewhere, and measurements recorded and graphs taken

which will show the progress of rail batter and wear, increase or decrease of corrugations,

progress or elimination of burned spots, etc., as time goes on.
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Died July 15, 1934.

To the American Railway Engineering Association:

Your Committee respectfully reports on the following subjects:

(1) Revision of Manual (Appendix A). See also Appendix C for revisions in

"Specifications for Standard Right-of-Way Fences", and Appendix J for new material

on "Jacking Culvert Pipe Through Fills".

(2) Occurrence and treatment of landslides, subsidences and rock-falls (.Appendix

B). Complete and presented as information.

(3) Service life of and specifications for railway fence wire (Appendix C). Com-

plete with recommended revisions in present specifications in the Manual.

(4)' Widening roadbed under traffic (Appendix D). Complete and presented as

information.

P (5) Bearing Power and other physical properties of soils, including effect upon

roadbed (E-3). (Appendix E). Progress report.

(6) Extent of adherence to Specifications for the Formation of the Roadway (Ap-

pendix F). Progress report—recommend present specifications be studied for revision.

(7) Extent of adherence to Specifications for Cast Iron Culvert Pipe (Appendix G)

Progress report—recommend present specifications be studied for revision.

(8)' Service life of culverts (Appendix H). Partially complete and presented as

information.

(9) Extent of Adherence to Specifications for Corrugated Metal Culvert Pipe (Ap-

pendix I). Progress report—recommend present specifications be studied for revision.

(10) Practice of jacking culvert pipe through fills (Appendix J). Complete with

recommendation for publication in the Manual.

(11) Methods of protection against drifting sand (Appendix K) . Complete and

presented as information.

The Committee on Roadway,

Geo. S. Fanning, Chairman.

Bulletin 372. December, 1934.
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Appendix A

(1) REVISION OF MANUAL
F. W. Hillman, Chairman, Sub-Committee; G. H. Bumette, P. D. Fitzpatrick, H. H.

Harman, Roscoe Owen, H. E. Stansbury.

Recommended revisions of the Manual are as follows:

DEFINITIONS, Page 23

General, Page 23:

Omit definition of "Borrow (noun)" and include under Grading, as it is a specific

grading term.

Change definition of "Quantities":

Present Form Proposed Form
The amount of material to be handled. The amount of material to be handled,
expressed in the usual quantities. expressed in the prescribed units.

Add definition of "Waterpockets" given under "Roadbed Drainage" Section 3,

Definitions, page 133, 1932 Proceedings.

Drainage, Page 25:

Add definition of "French Drain" given under "Roadbed Drainage" page 132, 1933

Proceedings.

Add definition of "Sub-Surface Drainage" given under "Sub-Surface Drainage" page

304, 1932 Proceedings.

Grading, Page 25:

Add definition of "Borrow (noun)" appearing under General, page 23, which reads:

"All material used in making embankments, which does not come from necessary exca-

vation."

GENERAL CONTRACT REQUIREMENTS, Page 27

Omit all of this section as it is covered in the specifications.

TUNNELS, Page 41

Establishing clearances is function of the "Special Committee on Clearances", and

designing of tunnels is function of the "Masonry Committee." Therefore, strike out all

on this subject appearing under Roadway and substitute following:

1. The forms and dimensions of the clear space to be provided for single and double

track tunnels should be such as to provide clearances established by the "Special Com-

mittee on Clearances."

2. Adequate drainage should be provided by constructing longitudinal drains on

the sides or between tracks, or both.

3. Same as Section 1 under "Tunnel Ventilation" page 45.

TUNNEL VENTILATION, Page 45

To become paragraph 3 of section on Tunnels as noted above.

CONSTRUCTION MACHINERY, Page 49

Omit as too general.
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SIGNS, FENCES AND CROSSINGS, Page 59

Change title to read "Signs and Fences." Crossings are a subject for the "Highway

Committee."

Change Section 1, page 61, "Classes":

Present Form Proposed Form

Standard right-of-way fences shall be The height and construction of right-of-

divided into four classes, the height to way fences shall conform to statutory re-

conform to statutory requirements, gener- quirements. Standard right-of-way fences

ally 4 feet, 6 inches above the ground. shall be divided into four classes.

Change Paragraph 1, Section 6, page 62, "Wood Posts", under "Materials".

Present Form Proposed Form

Posts shall be made of cedar, locust, chest- Posts shall be made of cedar, locust, chest-

nut, Bois d'Arc, white oak, mulberry, nut, Bois d'Arc, white oak, mulberry,

catalpa or other durable wood native to catalpa or other durable wood native to

the locality or of treated timber. They the locality or of suitable treated timber,

shall be straight and free from splits, rot They shall be straight and free from
or other defects. splits, rot or other defects.

Omit tables on pages 65, 6G and 67 as they are common to all hand books.

SPECIFICATIONS FOR THE CONSTRUCTION OF BITUMINOUS
CROSSINGS, Pages 89, 90 and 91

Omit all of the material appearing under this title in "Roadway" section and trans-

fer to jurisdiction of the "Highway Committee."

Appendix B

(2) LANDSLIDES, SUBSIDENCES AND ROCK-FALLS

H. M. Swope, Chairman, Sub-Committee; A. A. Cross, E. J. Beugler, J. A. Given, H. H.
Harman, G. E. Ladd, E. R. Lewis, P. T. Simons, E. M. Smith, F. E. Wiesner.

Your Committee is privileged to submit as its complete report on this subject a

monograph prepared for it by Dr. George Edgar Ladd, Consulting Engineer Geologist, of

Washington, D. C, a member of the Committee.

This monograph, which is filed with the Secretary, will be published in

full in a Bulletin to be issued after the Convention and included in the Pro-

ceedings.

CONTENTS
INTRODUCTION
DEFINITIONS
LANDSLIDES

Classifications

By
Baltzer

Heim
Howe
Terzaghi

Almagia
Ladd

Comments
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UNCONSOLIDATED MATERIALS COMMONLY INVOLVED IN SLIDES
Constituting the Earth's Mantle .

Transported slide materials .

Interbedded with solid rocks, or underlying them.

Aggregates of special minerals .

GEOLOGICAL STRUCTURES PROMOTING SLIDES
Dipping bedding-planes.

Dipping joint-plane systems.

Fault-planes and zones: Slickensides

Schistose and slaty cleavage.

CAUSES TABULATED AND DISCUSSED
LANDSLIDE TYPES DISCUSSED: ILLUSTRATIVE CASES
CONTROL AND PREVENTIVE METHODS

SUBSIDENCES
ROCK FALLS
BIBLIOGRAPHY

Appendix C

(3) STUDY THE SERVICE LIFE OF AND PREPARE SPECI-
FICATIONS FOR RAILWAY FENCE WIRE

W. C. Pruett, Chairman, Sub-Committee; G. H. Burnette, L. C. Frohman, W. J. Lank,
H. H. Harman, C. S. Sample, E. M. Smith, A. W. White.

The Committee has been studying this subject in some form or other for the past

several years and as information, reference is made to the several reports that have been

previously submitted. (In the Proceedings of the A.R.E.A., see pages 607, Vol. 26; 425,

Vol. 27; 172, Vol. 32; 309, Vol. 33; and, 137, Vol. 34.)

There has appeared on the market, during the past few years, several types of fence

wire made by special patented processes. These wires appear from accelerated tests to

possess good corrosion-resisting qualities. The first that came to our attention, and re-

ferred to in several former reports, is the so-called "Galvanealed" wire. The treatment

of this wire through an annealing furnace, causes to be dissolved into the zinc coating

an added amount of iron from the steel base, thus forming an iron-zinc alloy, which

produces a stronger bond between the coating and the base. This wire has been found,

both by field and laboratory tests, to withstand corrosion better than the ordinary gal-

vanized wire.

Four years ago mention was made in our report of a wire that consisted of copper

welded to a core of steel made by the molten welding process. A sample of this wire

that has been in service for eleven years in a semi-industrial area on the .\tlantic Sea-

board, where it was subjected to the salt atmosphere and soft coal smoke, is still in good

condition with no evidence of weakness by corrosion.

Just recently there has come to our attention, a so-called "Bethanized" wire, this

being a trade name adopted by the manufacturer. This is a wire on which the zinc

coating is deposited by an electrolytic process. The coating is very uniform and the wire

is more ductile than ordinary galvanized wire. Also, we have some information on the

manufacture of a stainless steel wire, but we do not have any record of field tests having

been made with either the "Bethanized" or stainless steel wire.

Mention was made in a report two years ago of our observations of some very old

wire, some that had been in service more than forty-six years, that still has almost its
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original section and has the appearance of continuing to be serviceable for another half

century. This wire is made of pure wrought iron.

Some of the tests that the Committee has record of indicates ' that copper-bearing

steel wire made a better showing than the non-copper-bearing wire. On the other hand,

an analyses of some very old wire, that has been in service thirty years or more, shows

that some with copper content has not given any better service than others that were not

copper-bearing. This is possibly accounted for in that the non-copper-bearing wire may
have been of a more homeogeneous structure.

As a result of these studies on the service life of fence wire, we have arrived at some

general conclusions. Among these are:

(1) That the use of corrosion-resisting metal for the base in fence wire will mate-

rially increase the service life of such wire;

(2) Zinc is the most suitable protective coating for wire; and,

(3) The protection afforded by galvanizing is determined by the amount of zinc

coating uniformly applied per square foot of surface treated.

REVISION OF MANUAL

From our observations and these general conclusions, the Committee recommends

some changes and additions to the item of "Materials" under "Specifications for Standard

Right-of-way Fences" in the 1929 Manual. (New material is underlined) On page 62,

it is proposed to revise section 10, on wire, to read as follows:

10. Barbed wire and woven wire fencing shall be constructed of genuine wrought

iron wire, or basic open-hearth galvanized steel wire. If copper bearing base metal is

used, the copper content shall not be less than 0.2 per cent. Wire for fencing must

stand, without sign of fracture, winding tight around wire of the same size; and, it

shall have a minimum ultimate tensile strength as follows:

Open- Genuine

hearth steel wrought iron

Line wire No. 7 Gage 2200 lb 1800 lb.

Line wire No. 9 " 1500 " 1200

Line wire No. 12^ " 700 " 500

Stay wire No. 9 " 1100 " 1000 '^

On page 63, we recommend that section 1.^, on galvanizing, be revised to read as

follows:

13. (a) The galvanizing of wire shall consist of a uniform coating of zinc, which

shall withstand four one minute immersions of the Preece or copper sulphate dip test.

The weight of this coating shall be not less than 0.6 ounces per square foot of surface

treated.

(b) The uniformity of coating shall be determined by four one minute immersion

tests of a sample not less than 12 inches in length. The immersion shall be in a solution

of commercial sulphate of copper crystals and water, the specific gravity of which shall

be 1.185 and the temperature of which shall be from 60 to 70 degrees Fahrenheit. Im-

mediately after each immersion, the sample shall be washed in water and wiped dry.

If, from any portion of the sample, the zinc is removed as indicated by a copper colored

deposit formed at the end of the fourth immersion, the lot of material from which the

sample is taken shall be rejected.
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(c)' The weight of coating shall be determined by a stripping test; using the hydro-

chloric acid-antimony chloride method. Since the density of steel (0.283 lb. per cu. inch)

is known, it is only required to determine the diameter of the stripped wire and the ratio

of the weight of zinc to the weight of the stripped wire. The sample of galvanized wire

may be of any length over twelve inches, but preferably about twenty-four inches.

It shall be cleaned with gasoline or benzine and dried thoroughly, then weighed carefully

to 0.01 gram. The sample shall then be stripped of the zinc coating by immersing in

hydrochloric acid (concentrated H CI with sp. gr. 1.19) to which has been added anti-

mony chloride solution (made by dissolving 20 grams of antimony trioxide Sb203, or 32

grams of antimony trichloride Sb CU in 1000 c.c. of hydrochloric acid H CI of sp. gr.

1.19) in the proportion of one cubic centimeter of the antimony chloride solution to each

100 cubic centimeters of hydrochloric acid. As soon as the violent chemical action on

the wire ceases the wire shall be removed from the acid, washed in water and wiped dry.

Its diameter shall then be measured to 0.001 inch by taking the mean of two measure-

ments at right angles to each other. The stripped sample is then weighed to 0.01 gram.

The original weight (Wi) minus the stripped weight (W2) divided by the stripped weight

(W2) gives the ratio (r) of the zinc to iron for the sample under test. The weight of

coating in ounces per square foot of stripped wire surface is determined by multiplying

the constant 163 by the diameter (d) in inches of the stripped wire by the above ratio.

This calculation may be expressed by the following formula:

Ounces of zinc per square foot of stripped wire surface rz: 163 dr.

Where d ^ diameter in inches of the stripped wire and r
— ^

Wi— W2.
Also, we recommend that section 14 on page 63 be revised and made to read as

follows:

14. (a)' In barbed wire the twist shall be uniform throughout and so twisted that

the strain shall come equally on all strands.

(b) The horizontal wires of all woven wire fencing may be provided with tension

curves to compensate for expansion and contraction.

(c) The fencing shall be so fabricated as not to remove any of the galvanizing

or impair the tensile strength of the wire.

The Committee has been informed by F. F. Farnsworth, Chairman of the Wire Test

Committee of the American Society for Testing Materials, that they are now assembling

material for some very careful and detail field tests of the various types of fence wire.

These tests are designed to yield data that will evaluate such factors as the gage of wire,

composition of the base metal, and the kind and weight of coating, etc. Since these are

to be actual field tests, it will probably be several years before any definite conclusions

can be reached.

Your Committee recommends the changes in the Manual as outlined above, and that

the subject be discontinued for the present.
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Appendix D

(4) WIDENING ROADBED UNDER TRAFFIC

Paul Chipman, Chairman, Sub-Committee; E. J. Bayer, C. T. Jackson, C. S. Sample,
E. M. Smith, E. H. Stansbury.

The choice of the most economical method for widening roadbed under traffic is

governed by factors so numerous and diverse that the only general rule that can be laid

down is that a careful study should be made of each job and the conditions that sur-

round it.

This report will, therefore, be limited to (1) enumerating the principal methods in

use, (2) pointing out the more important factors affecting a proper choice of method and

the nature and extent of their influence, (3) describing briefly the methods and equip-

ment that have been found effective under the more usual conditions, and (4) calling

attention to certain features of good practice that are common to nearly all work of

this kind.

About 100 railroads of the United States and Canada were asked to describe their

practice. Fifty-six replies were received. The methods described range from hand cast-

ing to those employed in extensive construction of roadbed for third and fourth main

tracks. Numerous replies indicate the belief that, on account of the diversity of condi-

tions, no standard practice can be recommended. However, where the governing con-

ditions are similar, a rather high degree of uniformity is found to prevail. The methods

used by the reporting carriers are shown in the accompanying table.

The Principal Methods in Use are as Follows

For widening fills with material from adjacent right-of-way:

Hand labor.

Teams and scrapers.

Elevating grader.

Drag line with caterpillar mounting.
Tractor and scraper.

Locomotive crane with clamshell, operating on track.

For ditching and limited widening of cuts, the use of material for widening fills

being limited and incidental:

Spreader with ditching attachments.

For widening fills with material obtained from cuts or large borrow pits:

Ditching machine, consisting of steam or gasoline shovel mounted on a flat car

placed between two air-dump cars. Handled with locomotive as work train.

Same, self propelled (locomotive ditcher).

Ditching machine running on and loading work train of ballast or flat cars.

Unloading done with plow drawn by hoisting engine (Lidgerwood).
Steam or gasoline shovel or other excavating machine loading work train of side

dump cars, usually air-dump.
Same, loading work train of ballast or flat cars unloaded with plow.

Gasoline shovel in cut loading small hand dump cars operating over narrow
gauge track. (Suitable for second track work).

Same, loading trucks or dump wagons drawn by tractor. (Suitable for second
track work)

.
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For widening fills with cinders, mine waste, strippings, etc.:

Loaded in various ways, frequently by producing industry.

Handled in air-dump cars.

Handled in hopper cars, unloaded on track and spread with spreader or with
cross tie, cleaning track by hand.

The use of a spreader of the Jordan type for levelling and spreading material dumped
along banks is almost universal.

Controlling Factors in Choice of Method

The principal factors affecting the choice of method and equipment are:

Amount and density of work.
Length of haul.

Density of traffic.

It is chiefly the interplay of these three factors that renders it necessary to make a

separate study of each job.

The hand labor and simple equipment that is suitable for a small piece of work is

too costly and too slow for larger jobs. The heavier and more extensive the work, the

greater the justifiable expense in securing the equipment that is best adapted to the job.

Where the main track is used for hauling filling material, it is evident that longer

hauls call for longer trains. Thus the ditching machine is well adapted to work where

the material from cuts can be disposed of close at hand, but becomes expensive when

longer hauls require it to be on the road a large portion of the time.

The heavier the traJffic, the greater the advantage in avoiding the use of the main

track entirely or in limiting its use as far as possible. For example, where a light traffic

road would make extensive use of the ditching machine, a road with heavy traffic might

find it desirable to use a ditcher-spreader in cuts and haul material for fills from a dis-

tant borrow pit provided with a loading track, or to purchase additional right of way
adjacent to the fill.

Another factor of importance is the cost of labor and teams. Where this is low,

the scope of their economical use is correspondingly extended. In many foreign coun-

tries and in certain sections of the United States, the use of power equipment for the

ordinary job of widening is not justified.

A factor which perhaps would not be considered in a theoretical discussion of the

subject, but is nevertheless of great practical weight, is the kind of equipment that the road

doing the work has on hand. Where funds are not available for the purchase of more

efficient equipment, it is necessary to make the best of what there is. Much more or less

obsolete equipment has been retained for that reason or because the amount of work to be

done does not justify its replacement with something more modern and efficient. For

example, the use of Lidgerwood unloaders still has its advocates, but in most cases they

are retained because of the cost of replacing them with air dump cars. Frequently this

conservatism is entirely justified by the circumstances.

Caterpillar gasoline shovels and drag lines have been so extensively used for highway

work in all parts of the country that it is usually possible to rent such equipment or to

contract for its operation. Unless a railroad has enough work for such equipment to

keep it busy year after year for a good part of the season, it is generally profitable to rent

the equipment or to contract the work. As a rule, the latter is more economical and

satisfactory.

On nearly every job there are local conditions that must be considered. Material

must be hauled in for fills across swamps or rocky places. Narrow widening is not suit-

able for team work, nor are high fills. Frequently material obtained in widening cuts is
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not fit for widening banks, necessitating longer hauls to reach suitable material and prob-

ably requiring different equipment. The proximity of side tracks for clearing is an im-

portant item where the main line is used. All these features and others that will be dis-

covered must be taken into account when deciding how a job should be handled.

General Practice

Filling Material Obtainable From Adjacent Right-of-Way

Where the quantity of filling required is small, it is more apt to be obtainable from

the adjacent right-of-way. In this event, the ditching and moderate widening of cuts

to the required section with a spreader with ditching attachments and widening of banks

with a caterpillar drag line is generally the most economical method, although teams and

hand labor are used to advantage in sections where their cost is low.

A drag scraper, drawn by a light tractor by means of a cable that passes through a

snatch block hooked under the rail, has proven effective for light work. The front end

loader, an attachment for tractors described in the Report of Committee on Maintenance

of Work Equipment, pp. 485-488, Bulletin 361, has had but limited use thus far, but is a

useful tool for both ditching and widening.

In prairie sections and other flat country where right-of-way conditions permit its

use, the elevating grader drawn by a tractor is very efficient. The bank so built is

usually levelled with a spreader. Many miles of western roadbed have been widened in

this way.

The locomotive crane with clamshell bucket was formerly used more than at present.

It involves the use of main track and therefore costs more to operate than the caterpillar

drag line, but is still of service in special locations. It can also be placed between two

dump cars and operated in the same manner as a locomotive ditcher.

Ditching Machine

If, in addition to reshaping roadbed and ditches, the cuts require widening the ditch-

ing machine is useful unless traffic is very heavy. If fills are not too long, all material can

be obtained from the cuts. If the fills are long, it is generally desirable to piece out with

the drag line.

For ordinary roadbed widening in preparation for ballasting, the ditching mach'ne

mounted on a flat car and placed between two air-dump cars is more extensively used

than any other equipment. The longest haul on which it can be used economically de-

pends on the amount of traffic, but is seldom more than two miles. Thirty cubic yard

capacity is the favorite size of dump cars. Where traffic is Hght it has sometimes been

found feasible to utilize local freight trains to some extent for handling the ditcher out-

fit, thus reducing the outlay for engine service. The cost of operation is considerably

reduced by working two or three units together, in which case a water car is usual'y

added to the work train.

The self-propelled locomotive ditcher reduces costs by eliminating the locomotive

and crew and is a very efficient machine, especially where hauls are short and traffic

light, but has not come into extensive use; partly on account of its cost and partly be-

cause so many roads are already equipped with the other type.

Shovel and Work Train

Where the material for widening fills cannot be obtained from the adjacent right-of-

way or from cuts within the economical haul of a ditching machine, a work train of air-

dump cars is loaded in the cut by a shovel, preferably one powered by gasoline and cater-
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pillar mounted. A shovel of this type can be quickly loaded on a flat car and moved to

the next point of use. It is frequently possible to let the loading of material by contract.

For this work, 30-yard cars are better than smaller sizes, and should be of a type which

dumps the material as far from the rail as possible, to avoid fouling the ballast and to

reduce the work of spreading. To secure even distribution, the train is moved after each

car is dumped, so that each load will adjoin the next. If the fill is not uniform in width

and height, waste of material may be avoided by estimating the amount required for

each car length on the fiill and loading the cars accordingly.

Instead of air dump cars, ballast cars with drop ends and swinging sides or flat cars

provided with end aprons are used by a number of roads and unloaded with a plow

drawn by a cable attached to a hoisting engine on the front car (Lidgerwood).

The ditching machine may also be utilized for loading a train of such ballast or flat

cars by moving it the length of the train, loading the cars behind it as it moves; unload-

ing being done with a plow. The ditcher car may also be set in at the end of the cut and

moved on rails while loading a train of air dumps or side dump ballast cars. A premis-

ing development planned by one road is to use air dump cars with drop ends, moving a

gasoline caterpillar shovel forward through the cars, loading behind it as it moves.

Second Track Work

Grading for second track should be planned to avoid the use of the main track as

far as possible. This not only eliminates traffic interference but permits doing the work

by contract, thus avoiding outlay for equipment and securing a trained organization.

For short hauls, teams and scrapers are still used, but for the most part have been

superseded by caterpillar tractors with scrapers, either drawn or pushed (bulldozer) ; or by

gasoline caterpillar shovels loading either dump trucks or dump wagons drawn by

tractors. Work done in this way is subject to much less settlement than where material

is dumped from the tracks. For longer hauls, a narrow gauge track is laid along the

shoulder of the old embankment, benching or trestling for it if need be, and shifting it

as the bank is widened. Hand dump cars are loaded in the cut with a small gasoline

shovel, the trains being preferably handled with a gasoline locomotive.

Use of Waste Material

If waste material suitable for filling can be obtained on its own lines, the railroad

can furnish such cars as it deems best. In this case, air dump cars will earn a large re-

turn on their cost if such material is used. Where the material is obtained from various

sources, the railroad cannot always control the kind of car to be used and the method

of unloading must be varied to suit the case. Hopper cars are unloaded on the track

and the material spread with a cross tie or with a spreader if one is at hand, the track

being cleaned by hand labor. Gondola cars must be unloaded by hand or a locomotive

crane.

General Considerations

Widening should be done a year or more in advance of ballasting. This allows

more time for settlement and compacting and avoids the congestion incident to carrying

on both kinds of work at once in the same territory. Culverts should be extended in

advance of widening fills. If any adjustment of station platforms or overhead structures

will be necessitated by the ballast lift, it is advantageous to do this work the previous year

and have it out of the way.
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Some preparation of the slope of the old fill is usually desirable, the minimum being

the removal of any brush, heavy weeds or other vegetation, the decay of which would

leave voids or increase settlement. The extent to which further preparation is desirable

will vary with the material and condition of the slope. Any condition that tends to

form a plane of separation down which water might find its way, such as an impervious

or well sodded slope, should be remedied by scarifying the surface by plowing or other-

wise. If the toe of the slope rests on soft ground, this precaution for preventing slides

is doubly important.

At such points some additional width of new fill should be provided in order to have

material for taking up the excessive settlement that is apt to occur. A common fault is

to not make enough allowance for shrinkage, settlement and erosion; so that in a year

or so the fills are not up to standard width at the top. This may be overcome by a

liberal allowance in top width, depending in amount on the height of fill, method of con-

struction, kind of material and nature of supporting soil. Most filling materials will

stand at a somewhat steeper slope than 1^ to 1 and advantage can be taken of this fact

to place most of the excess material near the top where it will be needed.

Very fine silty material that erodes easily and runs to a fiat slope when saturated is

not suitable for widening banks. As a rule, the higher the percentage of sand (or gravel)

the better for this purpose. If clay must be used, the top should be finished with some

porous material for a depth of from 1 to 2 ft. below the bottom of the tie, depending

on the depth of existing ballast, in order to avoid the formation of water pockets. Unless

the old shoulder is of very porous material, it should be cut down to the bottom of the

existing ballast for the same reason.

Cut ditches should be of ample width and depth, especially in long, wet cuts, where

greater depth is a most effective aid in securing a dry roadbed. A wide cut is usually

more or less of an asset, especially in regions with heavy snowfall, where it is true econ-

omy to be very liberal in this respect, even though material for filling might be obtained

at less expense from some other source. Where material is obtained adjacent to fills, it is

nearly always possible, by taking a little care, to improve the drainage by deepening and

widening existing ditches or digging new ones of ample size.

Conclusions

1. The selection of the most suitable method and equipment for widening roadbed

is governed by so many factors that a careful study should be made of each project.

2. The chief determining factors are (1) amount and density of work, (2) length

of haul, and (3) density of traffic; but other conditions must be given consideration.

3. The benefit of suitable and efficient modern equipment may often be obtained by

renting it or by doing part or all of the work by contract.

4. The work should be done in such a way as to improve drainage, prevent slides

and avoid the formation of water pockets.

Appendix E

(P-5) BEARING POWER AND OTHER PHYSICAL PROPERTIES OF
SOILS, INCLUDING EFFECT UPON ROADBED

H. W. Legro, Chairman, Sub-Committee; J. B. Akers, E. J. Beugler, G. H. Burnette.

Paul Chipman, C. T. Jackson, G. E. Ladd, W. J. Lank, E. R. Lewis, Roscoe Owen,
L. S. Rose, J. B. Trenholm.

Studies by the Committee have continued in the phase of examination of tests and

theories reported by many investigators in the field of soil physics and soil mechanics
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during the past decade. There is much earnest work being done in spite of the great

difficulty of investigating and interpreting soil phenomena.

The following outline briefly shows the scope of our examination:

—

The Problem

Structures on or in soil

Stability of structures depends upon correlating loads with physical properties of soil

Settlement of structures inevitable

Uniform minimum settlement desired

Soil physics—soil mechanics
Complexity of soil characteristics

Classification of soils as related to engineering characteristics

Moisture effects

Structures affected by soil conditions

Footing foundations

Slab

Piling

Retaining walls, dams and other impounding structures

Railway tracks

Roads

Soil

Soil genesis

Physical properties

'

Compressibility

Permeability

Cohesion
Capillarity

Elasticity

Internal friction

Classification of soils

By engineering characteristics

Compressibility

Permeability

Cohesion

Behavior of soil

Consolidation

Lateral flow

Frost heaving
Under footings

Under slabs

Around piling

Behind retaining walls

Under railway tracks

Under road pavement

Records of settlements of structures

Identification of soil conditions

Uniform method of recording settlements

Analysis of settlements

Research

Collaborative

Independent
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Tests

Laboratory
Field Loading
Formulae derived from tests

Structures with which railway Engineers are concerned—to some extent founded on

bed rock—are in the great majority founded on or within the unconsolidated material

which overlies bed rock in greatly varying depths. Sands and clays, within certain

roughly defined hmits, are soil materials which will reliably bear loads. There is little

question of the safety of current foundation practice from which, nevertheless, efficient

and economical design may be vastly different. Settlement to some degree is expected

as inevitable; but a difficulty, becoming greater as structures are designed to either spread

their pressures over larger areas, extend their loads to greater heights, or receive greater

impact loads, is the lack of knowledge with reasonable assurance of the period during

which settlement will take place and the extent to which it will go.

Solution of the problem has been complicated by certain conditions, some of which

are the following:

(1) The physical character of soils is probably the most variable in the whole
range of construction materials;

(2) The character of the natural ground even within the limits of a single

structure is usually compound as the effect of varying thicknesses, dip and class occur-

rence of strata;

(3) The action of a given soil under load may vary greatly with a change of

moisture content;

(4) So-called settlement under load is frequently misjudged by reason of not

differentiating between compression during the application of the load and the

progressive settlement under constant load;

(5) Some loading tests, especially where the resulting settlement is small, indi-

cate that the unit bearing capacity may vary with the diameter or perimeter of the

bearing area; other tests indicate capacity as a function of the area; further there is

some opinion that the depth of soil influenced by a load also has effects related to

bearing capacity;

(6) Tests also show that clay soils may carry a greater unit load with a given

settlement on a footing of one square foot than on a larger area, while for sand or

hardpan the reverse may be true. These conditions obviously require special con-

sideration for each class of soil.

Classification of soils by mechanical analysis, by which soil samples are separated

into fractions on the basis of grain size by screening or by sedimentation, while of value

for descriptive purposes, gives no clear-cut relation to the various physical propsrties of

interest to the engineer. The shape of soil grains is very important and is net defined by

mechanical analysis. A practical classification should be made on the basis of the physical

properties;—compressibility, permeability and cohesion. Foundation settlement and the

period during which it occurs are directly related to these properties.

Performance records of foundations of actual structures will be of primary value

when a classification of soils has been developed to the point that soil wherever found

may be identified as similar to another soil with respect to their physical properties.

Laboratory research is necessary to formulate a science of soil physics. Field tests,

coordinated with laboratory tests, should be undertaken under conditions approx"mating

as nearly as possible the working conditions involved under structures. Mathematical

exactness of formulated results cannot be expected, but systematic research may be ex-

pected to develop empirical data in practical form for engineering use.

Some of the leading technical schools are being equipped with special apparatus for

making soil tests and have staffs trained to conduct scientific research. With respect to
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tests related to the two general types of foundations in railroad practice—those located

below the ground surface carrying relatively static loads and those at roadway subgrade

subject to surface conditions and impact loads,—collaboration of the A.R.E.A. with some

institution so equipped, if funds were provided for a program of organized experiments,

would, in the opinion of the Committee, prove fruitful of data for economical control of

design.

Appendix F

(6) EXTENT OF ADHERENCE TO SPECIFICATIONS FOR THE
FORMATION OF THE ROADWAY

H. T. Livingston, Chairman, Sub-Committee; L. J. Drumeller, G. B. Farlow, P. D. Fitz-

patrick, L. C. Frohman, J. A. Given, Roscoe Owen.

PROGRESS REPORT

The Committee submitted questionnaires to Chief Engineers of the majority of

railroads operating in North America. A total of 232,000 miles of railroad is represented

in this canvass. To date the replies that have been received represent a mileage of 56,000.

Of the reporting railroads, 94 per cent of the mileage represented use the present

A.R.E.A. Specifications, but with reservations. Comments from various Chief Engineers

are: "Changed to meet unusual local conditions"; "Differ in classiiication nomenclature";

"Units of measure are not the same"; "Descriptions in Railway Specifications are more

specific". Reports from a larger percentage of the total railway mileage would probably

develop further differences from A.R.E.A. Specifications. A few engineers report that

they plan to revise their specifications to accord with those of the A.R.E.A.

The Committee concludes that the majority of the railroads use the A.R.E.A. Grad-

ing Specifications as a guide only.

The Committee recommends that the A.R.E.A. Specifications for the Formation of

Roadway be studied, with a view to revision to accord with present-day accepted prac-

tices.

Appendix G

(7) EXTENT OF ADHERENCE TO SPECIFICATIONS FOR
CAST IRON CULVERT PIPE

C. S. Robinson, Chairman, Sub-Committee; W. G. Brown*, L. J. Drumeller, J. A. Given,

J. N. Grim, C. T. Jackson, C. S. Sample.

The scope of this subject has been interpreted to include not only the extent to which

railroads are following the A.R.E.A. specifications, but what, if any, objections there are

to the existing specifications, what changes are suggested in specifications, and what speci-

fications are being used if other than A.R.E.A. specifications.

Inquiry was made of the principal railroads on the above basis and replies were

received from 58 railroads, representing 151,013 miles.

There was developed; first, that a great many railroads have discontinued the use

of cast iron pipe for culverts, or made very limited purchases for culvert purposes; sec-

ondly, of the railroads interested in specifications for cast iron pipe for culvert purposes

72.2 percent preferred American Water Works Association standards or manufacturers'

specifications, and 27.8 percent are using, or would use, A.R.E.A. specifications.

* Deceased.
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Changes quite generally were suggested in the A.R.E.A. specifications and for the

most part group themselves into three recommendations, as follows:

1. A load capacity test of 1500D is too low, and recommendations were made for

increase to 210Q-4000D.

In this connection the United States Dept. of Agriculture, Bureau of Public Roads,
through the Division of Test, has made some very interesting studies of the specifications

for cast iron culvert pipe which are in common use in highway work, and have brought
out the lack of relationship between requirements for strength and shell thickness.
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In Fig. 1 the full lines show the theoretical thickness for smooth pipe without hubs
to support load in 3 -edge bearing test. Load in pounds per linear foot of pipe. D =
diameter of pipe in feet. The dotted lines indicate the theoretical thickness plus 10%.
Small circles indicate the A.R.E.A. shell thickness.

2. Minimum lengths of 3 ft. too short, as it has the disadvantage of introducing

too many joints, and adds to cost.

3. Should have two tables of thickness, one for smooth pipe and one for corrugated

or ribbed pipe.

Conclusion

This report is submitted as information with the recommendation that the revision

of the specifications be undertaken ne.xt year.
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Appendix H

(8) SERVICE LIFE OF CULVERTS

A. E. Botts, Chairman, Sub-Committee; L. L. Adams, F. W. Alexander, W. G. Brown,*
J. H. Grim, D. A. Hultgren, W. J. Lank, M. C. Patton, R. H. Pinkham, P. T. Simons,
F. E. Wiesner, A. W. White.

The subject covering the service life of all classes and sizes of culverts was assigned

j'our Committee in 1933, during which year we endeavored to contact enough railroads

to get a picture of the situation.

Our requests were favorably acted upon by many railroads but the information

secured was general, and it was decided to carry the subject over with the idea of assem-

bling data in a more uniform method. Early in 1934, rating schedules for the various

kinds of culverts, together with inspection reports and instructions how to assemble data

were compiled and distributed.

The rating schedules and inspection reports are not original with the Committee, but

follow closely those shown in Handbook of "Culvert and Drainage Practice" published

in 1930 by the Armco Culvert Manufacturers Association.

So far as the Committee is advised, this method has not heretofore been used in con-

nection with railroad culverts, but it appealed to the Committee as being desirable in

the interest of uniformity.

The following instructions and forms referred to above were distributed:

INSTRUCTIONS COVERING THE METHOD OF ASSEMBLING DATA IN
CONNECTION WITH "SERVICE LIFE OF CULVERTS"

It is proposed to examine a considerable number of culverts of each type, and then,

based on their condition and age at time of examination, make a prediction of the num-
ber of years of service yet remaining.

This method is premised on the theory that a culvert suffers roughly uniform deteri-

oration from a condition "new" down through progressive stages to final failure. A
rating schedule is then built around the several stages of deterioration and applied to

each culvert examined.

This rating schedule recognizes two independent paths of deterioration. Structural

and Material.

By structural deterioration is meant the reaction of the culvert as a structure to

combinations of live and dead load, impact, foundation slips and settlement faults, move-
ments in the fill, etc., which exert force on the structure without.

Material deterioration is the reaction of the material in the structure to the disinte-

grating agencies in the hydraulic traffic; to freezing effects, to alternate wetting and dry-
ing and to such phenomena as weathering and aging. As applied to cast iron, corrugated
metal and concrete, this deterioration is accounted for chiefly through erosion and cor-

rosion of the invert. In vitrified tile and concrete the material deterioration is known
as disintegration.

In rating a culvert, the structural and material phases of disintegration should be
noted and the final rating should be the lowest of the two.

To make the above described data of sufficient value from which to draw conclu-
sions, as large a number of culverts as possible will have to be examined. It is suggested

* Deceased.



_^ Roadway 319

that each member of the subcommittee, through his contacts, hold himself responsible

lor the examination of 350 culverts.

It is thought that there is no need to examine culverts under five years old.

It will be noted that each culvert inspection report is large enough to list four cul-

verts, and it is suggested that when data is accumulated it be tabulated and sent to the

Chairman in the following form:

Ratings

—

A^e 90 80 70 60 50 40 30 20 10

5
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Form 1

RATING SCHEDULE FOR CORRUGATED METAL PIPE

*Description of Condition
of the Material

Stages of Deterioration
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RATING SCHEDULE FOR CONCRETE PIPE

Form 2

*Description of Condition
of the Material

Stages of Deterioration
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Form 3

RATING SCHEDULE FOR VITRIFIED CLAY PIPE

Description of Condition
of the Material
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Form 4

RATING SCHEDULE FOR CULVERTS—CAST IRON

*Description of Condition
of the Material

Stages of Deterioration
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Form 5

RATING SCHEDULE FOR MASONRY (Monolithic, Concrete, Brick, and Stone)

*Description of Condition
of the Material

Stages of Deterioration

No weathering or disin-

tegrating and no soften-

ing from acid or alkali

or other cause.

Some weathering, spall-

ing or disintegration.

Slight erosion in floor.

Decided disintegration

and erosion of floor and
sides below flow line.

General weathering and
spalling. Some soften-

ing due to alkali or acids.

Decided disintegration or

weathering. Consider-
able spalling and soften-

ing of material due to

acids or alkali.

Extreme disintegration

and spalling. Material
very soft due to alkali

or acids..

Disintegration and spall-

ing through concrete to
steel reinforcing.

Description of Condition
of the Structural

Stages of Deterioration

No cracks in barrel or

end walls. No sagging.

Slight sagging and cracks
beginning to appear.

Decided sagging.
Barrel cracks and
floor slab cracks
slightly open.

Decided sagging.

Cracks beginning to

open wide.

Wide open cracks.

Concrete beginning to

break up. Culvert
still functioning.

Top and sides fallen in so
that structure does not
function and needs re-

placing.

Descrip-
tive

Rating

Excellent

Good

Good to fair

Fair to poor

Very poor

Technical
Failure

Nu-
merical
Rating

90

75

50

30

10

Note:
results.

Lowest rating, whether structural or material, is used in summarizing
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5heet.....of..
CULVERT INSPECTION REPORT d,v,,s.on

sub-Division.,
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The following conditions affect the life of all classes of culverts included in this re-

port: poor foundations, abrasive hydraulic traffic and heavy loads, all tend to shorten

the service life; the reverse of the above conditions arc conducive to longer Hfe. Special

considerations applicable to each type of culvert are given in the following paragraphs:

I—Corrugated Metal Pipe

The expected life of this type culvert is shown to be 28 years. In using this figure

it should be borne in mind that this life may be considerably longer where pipe is in-

stalled in favorable locations, viz., where hydraulic traffic is noncorrosive, or on the other

hand it may be shortened when put in locations where acid or alkaU are free to attack

it. A further consideration affecting the life is the character of the metal and its pro-

tective coating (if any). Rust resisting alloys, non-corrosive metals, and heavy gage

metal should promote long life.

II—Concrete Pipe
The life of concrete pipe shown is 48 years. This Ufe expectancy is calculated from

the ratings and ages given, however, it would appear that a longer life would have
been indicated had more and older culverts been inspected.

Ill—Vitrified Clay Pipe
While the summary gives SS years as the expected life of this class culvert, the com-

mittee is of the opinion that this approaches a maximum life. During the past 25 years

relatively few culverts of this type have been installed, and those left are generally in

favorable locations.

IV—Cast Iron Pipe
Cast iron pipe is shown to have an expected life of 68 years. From the high rating

given the older pipe culverts in this group it would appear that cast iron pipe shows very

few progressive indications of deterioration after the first thirty years of its existence.

Well constructed culverts of this material, in locations where destructive influences are at

a minimum, should have a much longer life than that indicated by our inspection.

V—Masonry Culverts

Under this head is included concrete box culverts, concrete arches, brick and stone

masonry culverts. Including masonry culverts in this group has possibly enhanced the

rating of brick and concrete structures.

Of the masonry culverts included, thirty-six (36) were built in 1825 to carry a

canal alongside of a river, streams running into the river passing under the canal.

The Committee offers the following conclusions:

The service life of culverts is materially affected by the following conditions:

1. Foundations and size (sufficient or scant), probable loading and care of in-

stallation.

2. Water to be carried; whether acid or alkaline.

3. The abrasive action of the materials carried by the water.

4. Corrosive action of atmosphere (salt air, acid fumes).

5. Periodical inspection and maintenance after installation.

The Committee recommends that the report be received as information and the

subject continued.
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Appendix I

(9) EXTENT OF ADHERENCE TO SPECIFICATIONS FOR
CORRUGATED METAL CULVERT PIPES

O. H. Wainscott, Chairman, Sub-Committee; J. B. Akers, F. W. Alexander, E. J.
Bayer, A. A. Cross, L. J. Drumeller, M. C. Patton, P. T. Simons, H. E. Stansbury.

Your Committee canvassed a selected list of railroads and replies were received from

68 companies, consisting of a total of 252,925 miles of road. Information received in-

dicated that six railroads purchased pipe fabricated in accordance with A.R.E.A. Speci-

fications—-five railroads advised that they have never used any corrugated metal pipe,

and the remainder of the railroads advised that they do not purchase pipe in accord-

ance with A.R.E.A. specifications. Results of the investigation are as follows:

227,567 miles, or 90% do not adhere to A.R.E.A. Specifications.

20,191 miles, or 8% use A.R.E.A. Specifications.

5,167 miles, or 2% have never used any corrugated metal pipe.

173,034 miles, or 68% recommend A.R.E.A. Specifications be modified and com-
pleted.

45,452 mUes, or 18% recommend no change in present specifications.

29,272 miles, or 12% offer no suggestions or recommendations.
5,167 miles, or 2% advise they are not in a position to offer comments.

Some of the important comments made by various railroads as to why they do not

specify A.R.E.A. Specifications are as follows:

No. 1. Pipe galvanized after corrugating and forming sheets will increase the cost

and it is felt that the increase in cost cannot be justified.

No. 2. The A.R.E.A. specifications do not agree with trade practice of galvanizing.

No. 3. There are a number of impracticable paragraphs that should be modified

and we should have complete specifications for galvanizing .

No. 4. Laps and riveting do not agree with trade practice.

No. 5. A.R.E.A. specifications too general and not complete—they do not cover

requirements as to gage, galvanizing and riveting.

The only important comment received from any of the railroads as to a good rea-

son for not changing the present specifications is as follows:

"The A.R.E.A. Specification is intended to be a general specification wh'ch may
serve as a basis and guide for the various railroad companies in preparing their own

specification."

Conclusion

After reviewing information furnished as to the present practice of railroads, your

Committee feels that a further study should be given to the specifications as shown

on pages 641 to 644, inclusive, of Vol. 31,—1930 Proceedings, with a view of modify-

ing and completing the specifications.
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Appendix J

(10) JACKING CULVERT PIPE THROUGH FILLS

J. A. Noble, Chairman, Sub-Committee; J. B. Akers, A. A. Cross, L. J. Drumeller, J.

N. Grim, G. E. Ladd, R. H. Pinkham, C. S. Robinson, L. S. Rose, VV. C. Swartout,

O. H. Wainscott.

General

Where conditions are suitable, the installation of pipe culverts by pushing them

into position with jacks is safe, fast and will save from 30 to SO per cent of the cost of

placing the pipe in open trench. The advantages of the method are:

1. Usually lower cost,

2. No interruption of traffic,

3. Minimum disturbance of roadbed, and consequently little or no subsequent

settlement.

This method is particularly applicable where more than one track is involved, where

the fill is high, where the material to be penetrated is clay or similar soil that will

arch or stand up well and where the traffic in heavy.

Costs will be higher, although not necessarily prohibitive, in unstable soils and em-

bankments containing boulders, stumps, waste from rock cuts, or similar obstructions.

Before it is decided that jacking is the proper method to use, all conditions in-

volved in the operation should be investigated and, if the economy to be obtained ap-

pears doubtful, cost estimates for open cut placement or tunneling should be compared

with the probable cost for jacking. Such estimates should include expense due to inter-

ference with traffic and excess maintenance until embankment becomes stabilized. Gen-

erally jacking operations will have little or no effect upon the stability of the track

and if subsequent settlement is experienced it will be very slight.

Kind of Pipe Suitable for Jacking

The most widely used material for pipes installed by the jacking process is corru-

gated iron, but cast iron pipe of the bell and spigot type, also special cast iron pipe and

concrete pipe can be installed by this method. The proper kind to be used in any par-

ticular case can be determined by a consideration of installation cost, probable life, and

maintenance cost.

If corrugated pipe is selected, it should be fabricated especially for jack'ng from

heavy gage metal in lengths convenient to handle, say 12 to 18 feet, and should be

punched and raatchmarked for field riveted joints.

If cast iron pipe is to be used. Class B will be suitable for m.ost installations. Th;

pipe may be bell end or have a special type of joint which will give the pipe an unbroken

outside surface and simplify jacking procedure.

Concrete pipe is available with special reinforcement and shiplap joints that present a

smooth outside surface. It is usually made in 6-ft. lengths.

Size of Pipe

Pipe from 24 inches up to 91 inches in tliameter can be placed by jacking, without

special boring equipment. Ordinarily 42 inch pipe is the least size which should be used,

as smaller sizes are hard to work in and little if anything will be saved by their use
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Direction of Jacking

As a general proposition, the pipe should be jacked up-hill to facilitate drainage in

case water is encountered in the fill, and to prevent interruptions from storm water.

If concrete pipe is used, it is more easily kept on grade if jacked down-hill due to the

weight of the pipe constantly tending to work the front end down ; however, this tendency

can be controlled without great difficulty. In some cases shafts are sunk, and the pipe

jacked both ways from the shaft. This method simplifies the backstop problem and

decreases the length of pipe to be jacked.

Approach Trench

When starting a jacking operation the bank is excavated so that a vertical face is

presented to the entering pipe. The most economical length of this approach cut or

trench will be determined by the relative costs of jacking and of excavation. For long

lines of pipe it will usually be desirable to place some pipe in open trench on both sides

of the embankment, although if the jacking is easy, it maj' pay to place all of the pip2

by jacking. The approach trench is usually excavated by hand, but in some cases a

power shovel can be used to good advantage. If concrete or cast iron pipe is bzing

placed it may pay to have a crane to line up or rack the pipe, and one of the crawler

type excavators can do this and also dig the approach trench.

Unloading and Lining up the Pipe

Corrugated pipe may be unloaded without special equipment, but concrete and

cast iron pipe are best handled with a crane. After being landed alongside the track, the

pipe can be rolled to the bottom of the fill by ropes.

Care must be used in handling concrete pipe to prevent chipping. Corrugated pipe

also should be carefully handled, as it has been punched and matched for field rivets and,

if the ends are bent or deformed, extra expense will be incurred for correcting these

conditions.

If the pipe to be jacked comes in short lengths, it should be lined up or racked on

timbers extending at right angles to the direction of jacking, and placed so that the

pipe can be rolled on to the guide timbers in front of the jacks quickly and with little

effort.

The Jacking Set-Up

The type of backstop necessary will depend upon the nature of the ground in which

it is set, the length of pipe to be jacked and the character of the material to be pene-

trated. For average conditions, a backstop constructed as shown in Fig. 2 will be satis-

factory.

Guide timbers, which may be of 7 X 16 material, are set in the approach trench and

carefully placed to line and grade; they should extend to the point where the pipe will

enter the fill. If concrete or cast iron pipe is being placed steel angles on the inner

edges of the guide timbers will be desirable. This is particularly true if a cutting edge is

used on the leading joint of pipe.

Fig. 2 shows the jacking frame recommended for ordinary use. For corrugated and

cast iron pipe four 6X8 timbers framed to bear against the end of the pipe and leave

sufficient opening for the excavated material to be removed will transmit the pressure

from the jacking frame satisfactorily.

For concrete pipe a special jacking head is recommended by the manufacturers of the

pipe, the details of its construction being shown in Fig. 3.
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For concrete pipe a steel cutting edge or shoe may be used, although this is of

doubtful value owing to the tendency of the pipe to dig into the bottom of the bore. A
cutting edge is not necessary for corrugated iron pipe.

Jacks Required

The number of jacks required and their capacity depend upon the size and length of

pipe to be jacked and the nature of the embankment material. For the average job two

15-ton jacks and two 50 or 75-ton high speed ball bearing high lift jacks should be pro-

vided. The operation can be started with small capacity jacks and they will be useful

for taking up the compression in the blocking after the jacking gets too heavy for them.

To avoid frequent re-setting, the jacks should have not less than a 12 inch lift. On
account of the greater weight involved, higher capacity jacks will be required for plac-

ing concrete and cast iron pipe than for corrugated pipe.

Force

The number of men required for an average job will be about as follows:

1 Foreman,
1 Man digging,

1 Loading dirt into wheel-barrows or whatever is used for disposal,

1 Taking waste material away,
2 Men operating jacks.

Where progress is rapid, an additional man will be needed to help remove spoil,

and in heavy ground or on long Hnes of pipe two men on each jack will ex-

pedite the work.

This force will place from 10 to 16 feet of pipe per eight-hour day under favorable con-

ditions.

Jacking Procedure

The preliminary work, such as constructing backstop, jacking frame, placing of

guide timbers and excavating approach trench having been done, the work proceeds as

follows: A joint of pipe is rolled on to the guide timbers and jacked against the bank.

Digging is then begun from inside the pipe, the excavated bore being made to grade

at bottom, and about one inch larger than the pipe on sides and top. The man digging

casts the spoil back into the pipe whence it is loaded into a wheel-barrow or car by

his assistant. Another man wheels the spoil out through the pipe to the waste bank. It

will sometimes be necessary to have an additional man to help pull the load up the in-

cline out of the pipe. Where two barrows or cars are being used, the man handling the

ingoing one helps his partner up the incline. The jacking goes forward continuously

until the limit of travel of the jacks is reached. Additional blocking is then placed and

the process continued until there is room for another joint of pipe. When jacking cor-

rugated pipe, cross trenches about a foot wide and 8 inches deep at intervals of approxi-

mately 10 feet will relieve the pressure caused by material rolling up in the corrugations.

The grade and line of the pipe must be carefully watched and corrected when

necessary. This can be done by wooden wedges. If available, an Engineer's transit

will be the most satisfactory way to keep the pipe properly lined up, but sufficiently

accurate work can be done with a straight edge and spirit level if care is taken in using

them.

Joining the Pipe

Corrugated pipe is joined bj' riveting the various sections together as each addi-

tional one is rolled into place. To accomplish this, a trench about one foot wide and
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one foot deep at right angles to line of jacking is necessary. The usual location of this

trench is shown in Fig. 1. Corrugated bands are sometimes used at the joints, prefer-

ably inside. Rivets may be driven cold, but better results will be secured if they are

heated; however, if heated the galvanizing will be destroyed, and after being driven the

heated rivets should be protected by at least two coals of aluminum or asphalt pa^nt.

If the pipe is of concrete with ship-lap joints, some form of cushioning between the

joints will reduce the likelihood of breakage due to concentrated pressure. A piece of

Yi inch manila rope stuck to the pipe with asphaltic cement will be satisfactory for

this purpose. After the pipe is in final position, the joints may be grouted.

Cast iron pipe of the bell and spigot type requires no special provision for joints.

If it appears desirable after the pipe is in place, the joints may be grouted or filled with

asphaltic cement.

Digging Methods

The tools commonly employed for digging are short-handled picks and shovels. In

some soils an adze will be found useful. Compressed air diggers can frequently be used

to good advantage, and where rock or shale is encountered, air drills will be needed. In

long pipes, the exhaust from air tools is of value in ventilating the pipe. The distance

to which excavation can be safely carried ahead of the pipe will depend upon the char-

acter of the ground and depth below the track. In very favorable soil the distance may

be as much as four feet. Ordinarily it will be one or two feet. It is dangerous to

carry excavation farther ahead of the pipe than is absolutely necessary.

In short pipes of large diameter, artificial light will not be necessary, but in most in-

stallations the work will be expedited by the provision of ample illumination.

Waste Disposal

Where the diameter of the pipe permits, spoil is generally handled from the pipe in

wheelbarrows. Under ordinary conditions, one barrow will be enough for short pipes.

Two will be required for long pipes where the jacking is fast.

Another method of removing spoil is to load it into a flat bottom box equipped with

wheels or runners, which is pulled back and forth by means of a rope. This box is

emptied into a wheelbarrow at the end of the pipe and the spoil wheeled away to the

waste bank.

Procedure in Unstable Soils

The jacking method is not well adapted to placing pipe in unstable soils, and before

undertaking an operation of this kind a thorough investigation of conditions should be

made. Borings into the fill where there is doubt as to the nature of the material may

be desirable.

If jacking is decided upon it will probably pay to prosecute the work continuously

to minimize the tendency of the material to "freeze" around the pipe. The approach

trench should be properly sheeted and braced on the sides and working face. Wet

sandy soils can be de-watered by means of well points. The excavation should not be

carried more than a few inches ahead of the pipe. If the pipe sticks, jacking may have

to be done from both ends, and possibly from intermediate shafts. The resistance to

jacking, caused by material settling in the corrugations of corrugated pipe can be reduced

by riveting strips of sheet iron lengthwise on the exterior.

For obvious reasons bell and spigot type pipe will not be as suitable for placing

in unstable soils, as that presenting a smooth exterior.



334 Roadway

Protection of Pipe Against Percolation and Scour

If it is anticipated that the pipe will discharge under head for any considerable

period, and particularly if it lies in easily eroded material, the same precautions against

percolation along the outside should be taken, as in the case of conduits through earth

dams.

Concrete collars or cut-off walls will be found effective for this purpose. It will

likely be impracticable to place more than two of these on one pipe due to the amount

of excavation and other difficulties involved. The collars therefore should be made
larger than if they were built at closer intervals. In addition concrete pavement on the

up-stream end extending beyond the limits of the open excavation and tied in to the pipe

hiead-wall will add to the security of the installation. If the fill does not settle around

the pipe the resulting space may be filled with a mixture of mud and cement about one

sack of the latter to the cubic yard.

In extreme cases outlet works for dissipating the energy of the issuing water will

be justified.

In all installations, the backfill at each end should be well rammed around the pipe,

and sometimes the excavation for the last joint of pipe can be made slightly smaller than

the pipe, thus increasing the resistance to percolation.

If it is necessary to protect the ends against scour, it can be done by concrete pave-

ment of riprap, except that extreme cases will require more extensive protection.

Appendix K

(11) METHODS OF PROTECTION AGAINST DRIFTING SAND

L. C. Frohman, Chairman, Sub-Committee; Paul Chipman; G. B. Farlow; C. T. Jack-

son; Roscoe Owen; E. M. Smith; H. E. Stansbury; J. B. Trenholm.

The data studied by this Committee was submitted to the 1934 convention as in-

formation and the conclusions of the Committee were submitted with the recommenda-

tion that they be adopted for inclusion in the Manual—with the further recommenda-

tion that the subject be closed.

Since the submittal of the above report, additional information has been received

from S. Kurokochi, Director, Bureau of Maintenance and Improvement, Japanese Govern-

ment Railways, and from Emilio Lenhardtson of Buenos Aires through the courtesy of

E. O'Connor, Secretary of General Supervision of Navigation and Ports, Department

of Public Works, Argentine Republic, S.A.

The paper presented by Mr. Kurokochi is as follows:

METHODS OF PROTECTION AG.\INST DRIFTING SAND

1. Territories subject to drifting sand

Sections of heavy drifting sand on the Japanese Government Railways are distributed

along the coast line of Japan Sea, as shown on the map, and the total length of the sec-

tions reaches about 170 km. The "sand blow" in the coast district is caused by the pre-

vailing wind, which blows severely through the dry season, beginning in the late fall

and ending in the early spring.

Railway lines in these territories were at first protected against "sand blow" by a

make-shift measure, such as the removal of drifted sand, use of fences of old ties or

board. When these measures failed to hold down drifting sand, planting of trees on a

large scale was considered, and there are more than 100 hectares of such plantings on

the Government Railways at present.



Roadway 33S

"Sand blow" is also a menace to territories along the right-of-way, and it many
times caused serious damages in past days. To overcome the disaster the inhabitants in

the old days had devoted themselves to afforestation of seaside plantings in various places

needed, and this is recognized to be the most practical method for the purpose in this

country. There is about 53,000 hectares of planting along the coast line of Japan S:a,

and it is giving good service.

2. Obstruction of track due to drifting sand

Instances in which tracks were obstructed by drifting sand on the Government Rail-

ways are as follows:

a. When drifting sand blows at a velocity of 20 m. per second or over, the track

is frequently covered with sand. In the section No. 16 shown on the map there was an
instance that drifted sand piled up 3 cm. over the rail level.

b. At highway crossings, drifting sand filled up flangeways, causing a possible danger

to traffic.

c. When drifted sand covered ties, spikes and splice bars, inspection was made
difficult.

d. Drifted sand filled up the flangeways of a switch, and caused possible danger to

traffic.

0. Drifted sand filled up side ditches.

f. Ballast was made dusty by drifted sand and needed cleaning more often.

g. According to the investigation in a certain section this sand-dusty ballast in-

creased the cost of tie renewal from 3 to 4 per cent.

h. Sodded slopes were deteriorated by drifting sand and slipping was caused.

3. Obstruction of train operation due to drifting sand

Instances in which traffic was obstructed by drifting sand are as follows:

a. Engine drivers were obstructed in their view by drifting sand in the air.

b. In Nos. 2, 3, 4 and 5 sections shown on the map, drifted sand mixed with
drifted snow froze to the gage sides of rails and endangered traffic.

c. In No. 5 section drifting sand got into working parts of an engine, resulting in

breakage.

d. In No. 22 section switches were covered with sand 10 to 20 cm. over the rail

level.

e. In No. 16 section drifted sand covered a track 3 cm. over the rail level, extend-

ing through a length of 500 m., and the traffic was entirely blocked.

f. In No. 10 section a track was covered with drifting sand within two hours, caus-

ing derailment. Often in this section drifting sand piles up more than 10 cm. over the

ground level within one hour.

4. Damages to buildings or structures, caused by drifting sand

a. In No. 21 section excessive wear on oiled surfaces of signals resulted from blow-
ing sand.

b. In a certain section drifted sand accumulated in a turntable and its working was
interrupted.

c. In No. 5 section paint of mile posts was rubbed off by blowing sand.

5. Obstruction of roads or rivers due to drifting sand

Instances in which road traffic or water current was obstructed are as follows:

a. A road was piled up with drifted sand in a heap, extending over a length of

60 m. and the traffic was obstructed. Furthermore, the sand filled the ditches, causing

a flood of surface water.

b. In "sand blow" territories water courses of river-mouths are generally unsettled

owing to the formation of sand bank. Sometimes drifting sand deposited in a large

volume in a river and gradually raised the river-bed. Thus the outlet was blocked at

last.

6. Damages of cultivated lands due to drifting sand

The "sand blow" question had been a vital subject to the inhabitants in the coast

district of Japan Sea, and a vast area of fertile land had been turned into a sandy waste
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bed in the old days before plantings had been tried. In No. 22 section a considerable

area of rich soil has become a meagre land owing to intermingled sand, and it is merely
fit for raising potatoes or other vegetables suited to a sandy soil.

According to an investigation regarding the rice crop in a sand blow territory the
average yield from 100 acres is 1,950 kg. comparing with 2,700 kg. under similar condi-
tions from a field protected against sand, or ,^8 per cent decrease.

It is noted that difficulties with heavy drifting sand along the lines of the Japanese

Government Railways have been experienced over a total length of 170 km. on the coastal

lines of the islands of Hondo, Kyushu and Hokkaido—with the greatest portion of the

affected territory being along the westerly and southwesterly coast of the island of

Hondo on the eastern side of the Sea of Japan. There is only a limited amount of af-

fected sections along the Pacific coast of the islands. It is significant to note that the

railway lines in the affected territories were first protected against "sand blow" by what

Mr. Kurokochi designates as a "make-shift measure"; i.e., the removal of the drifted

sand and the use of fences of old ties, or board, and when these measures failed planting

of trees on a large scale was considered—with more than 100 hectares of such planting

on the Government Railways at present. Mr. Kurokochi also makes the statement that

the afforestation is recognized to be the most practical method in his country for the

purpose of preventing the menace to territories other than the railway right-of-way and

the inhabitants have been carrying out this method for at least ISO years with about

53,000 hectares of planting along the coast line of the Sea of Japan.

Of the many interesting photographs received from Mr. Kurokochi, only a few show-

ing their afforestation work have been reproduced.

The paper submitted through the courtesy of Mr. O'Connor has been translated from

the Spanish as follows:

PORT OF QUEQUEN
Control of Sand Dunes

When construction of this port was begun, sand dunes of twenty to twenty-five me-
ters height existed along the right bank and at the mouth of the river, these being of

marine origin the same as those along the entire shore line of the Province of Buenos
Aires. The existence of these dunes, in addition to impeding construction of shore works,

made difficult the maintaining of necessary depth of the port, for which reasons a study

was made to ascertain the best method to effect control of the dunes in consultation with

a specialist, who has done like work in other regions with a patented process. It is not

necessary to enter into details concerning the work done and the mode of procedure

as this is treated in detail in a memorandum presented to the 1st Congress of Engineer-

ing held in Buenos Aires in 1916 by Engineer Ernesto Baldason, which was published in

the section "Means of Communication", sub section "Navigation".

We may observe however that, while the process was eificient and rational, the

species of plant used (Italian poplar), which gave good results on interior sand banks,

was not adapted to the marine sand dunes, as the cold sea winds, charged with salts,

dried up the new growths, which could not prosper on the high and exposed areas, but

developed only at a certain distance behind high banks and where protected by other

species of plantings.

This is proven here since poplars planted in 1015 have reached heights of 6 to 8

meters in the country located 600 or 700 meters back from the coast and separated from
the higher dunes nearer the sea, and diminish in size toward the brow of the sand dunes,

as the peak of which they exist as shrubs of about one half meter in height, dying out

on the slopes exposed to the sea.

From 1915 to date the work of conservation and stabilization has been continued by
the Administration advancing to a complete success, as now the entire area between the

Port and the Public Baths of Necochoa is controlled and fixed.

The fundamental work to bring about the fixation of marine dunes is to control

the advance of sand from the beach, as otherwise this will invade and ruin any plant-

ings made. It should be understood that the dunes slope gently toward the sea (which
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The young pine trees on sandy beds are protected by straw bundles.

(No. 6 section)
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Grown pines. Big ones are 12 years old.

Silk trees 8 years old planted on a sandy bed. (No. 16 section)

Successfully grown pines planted on a sandy bed. (No. 10 section)
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\ seaside planting of 100 years of age, with supplemental nsw planting.

(No. 9 section)

A full grown pine planting ISO years old. (No. 12 section)
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facilitates the movement of sand from the shore) and have brushy growths on the side

toward the land. A French author has graphically and correctly compared the situation

with the figure of a dog seated with legs crossed and looking toward the land; to keep

him in place, permanently seated, it is necessary that the dog be turned around and

faced toward the sea.

It is intended to say that what should be done is to encourage the brushy growth

on the slope toward the sea so as to impede the invasion of the sand; this can be done

by the formation of anti-dunes by means of obstacles placed lengthwise of the shore.

Here we have formed one anti-dune parallel to the shore and others connecting at ri-ht

angles, extending toward the land, like the teeth of a comb, 10 or 15 meters in len'th and

spaced 10 to 20 meters apart, according to conditions. To form these anti-dunes barrel

staves were stuck in the sand in line and several centimeters apart; also cuttings from
plantings were used to form a kind of wall 20 or 30 centimeters in thickness. The
staves have the advantage that, as they become buried, they can be lifted somewhat with-

out removing them entirely, in the manner raising the level of the anti-dune almost in-

definitely. On the other hand, cuttings cannot be lifted and when they become buried it

is necessary to construct a new wall of cuttings; however, the buried planting gives

solidity to the anti-dune, making it difficult to destroy and to some extent enriching

the soil for the subsequent plantings. Sand blowing over the longitudinal wall, when
strong winds blow, falls into the squares formed by the transverse lines of staves, which
impede the raking of winds blowing parallel to the shore.

When these anti-dunes have reached the desired height the slope to the shore will

again have become gradual and we proceed with the plantings and reclamation, a new
anti-dune being constructed some IS or 20 meters nearer the shore with short lines at

right angles as before to protect the rear, and thus continue until the whole area is un-

der control.

In order that plantings may prosper, once the advance of sand from the shore has

been controlled, whatever species of plant may be used, it is indispensable that the

sand in which planting is to be done be firm and stabilized. For this purpose we have
found the best method is to cover the surface with some species of forage p.ant. We
have had best success with "vizcachera" (a species of feather grass) ; at the time of

cutting these roots some soil always adheres which helps to resist their blowing away and
contributes to enriching the ground. Cuttings may also be used.

As to species of plantings the ones which here have given excellent results are the

Tamarisk and the "Lion Cloth" or "Lion Tooth", as both resist perfectly the atmospheric

conditions and even sea water which is fatal to most all species of plants.

Tamarisk is universally known and is planted in cuttings (stakes) of about 40 centi-

meters, which are placed in holes made in the sand with a bar, packing the ground after-

ward so that air is excluded; best results are had if the cuttings are kept with half th;ir

length submerged in water for several hours before planting. The distance between
cuttings as generally applied here is about 50 centimeters but may be varied according to

circumstances. This species is very robust and gives good results everywhere.

In regard to the Lion Cloth, or Lion Tooth, we have no experience here with its

use of stabilizing sand banks, however it has been noted that several bunches, which
were casually planted some years ago in one location, have become established and have
developed vigorously; its use is being adopted. Planted in bunches, preferably rooted

about 50 centimeters apart on ground previously covered with forage, this plant has g ven
excellent results and, equally as well as the Tamarisk, resists atmospheric conditions and
sea water. This species has the peculiarity that it may be planted at any of the four

seasons of the year with equal success. Even where it requires more or less time to

start (sometimes over a year), afterward it makes a vigorous growth even in dry and
poor soil such as pure dry sand.

In time the ground will be covered to a thickness of 30 or 40 centimeters. The
origin of the plantings here was a half dozen bunches and today they cover several

hectareas. Its classification is given separately.*

* LION'S TOOTH OR LION'S CLOTH—Genus—Unico—Ficoide or Mesembrianthemum—classed
with dicoteledoneas, Family of Mesembrianthemede (Fenzt). Origin—Southern Africa but some species
found in the region of Mediterranean, in America and Australia.

The fruits of some species contain sugar and are edible such as Mesembrianthemum edule. The
leaves of M. Gemiculiflorum are used as vegetables by the tribes who roam the Sahara Desert in Africa
and the seeds toasted are made into flour. The juice of the plant is used as a diuretic; by burning the
leaves soda is extracted therefrom. The juices of some species are used successfully as a remedy for
dysentary, and others are classed as narcotics and sedatives.

Quequen, .September, 1933.
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Here we have tried many other species such as Marine and Wild Pine; Lamberciana;
Eucaliptus, Lobulus and Rostrata; Acacias Melanoxilon and Trinervis; Myoporum, etc.,

as also the poplars used in the first plantings; but none of them resulted satisfactorily

—

after becoming planted in the soil all prospered more or less rapidly (but not near the

Coast or in exposed places) only if they had attention and replacements.
As to costs it is difficult to give figures as we are treating of a work of which the

major part of costs is in hand labor, the daily pay rate varying greatly.**

As a result we may consider definitely stabilized the entire area between the Pert
and the Public Baths of Necochoa, with an ocean frontage of some 1600 meters, and on
the River some 600 meters, a total area of about 100 Hectareas (247 acres). Something
more than half of this area was stabilized by means of planting as described and the re-

mainder spontaneously, following the bringing under control of the shifting sands from
the shore and the adjacent sand banks. It may now be considered that the work of con-
servation has been reduced to controlling the invasion of sands from the shore by con-
structing and maintaing anti-dunes and plantings, thus gradually approaching the shore
line; having on the adjoining sand hills already produced all the material needed for the

work.
We must add that on these sand banks various species of plants adapted to sand

have prospered spontaneously, the seeds having been brought in with the forage plants

used previously,—such as "tupe", "window wail", "trefoil", etc. Alfalfa also developed
satisfactorily in spots where tried and it reseeds itself and is spreading.

Quequen September, 1933.

This is also most interesting and informative as to protection against encroachment

of sand dunes by planting and by formation of anti-dunes together with a discussion of

the plants adapted for the purpose.

The data received from the Argentine and from Japan is submitted as information.

There is no data at hand to indicate the necessity for any revision of the conclusions

as adopted last year for inclusion in the Manual.

It is recommended that the subject be discontinued.

** QUEQUEN PORT WORKS—Costs for labor, controlling sand dunes per hectarea (2.47 acres).

1 cart of forage will cover about 625 square meters, requiring 16 carts per hectarea this forage de-

livered at foot of the work costs about $25.00 M/N (National currency) per cart.

Transporting and spreading this forage on the land requires 5 days work per Hectarea.
Placing the Tamarisk cuttings at 50 centimeters distance requires a total of 40,000 cuttings per Hec-

tarea. The planting of these requires 60 days labor.

COST

Forage delivered at foot of the work costs 16 @ $25.00 $400.00
Transporting and spreading—days 80 @ 3.00 240.00
Tamarisks—per thousand 40 @ 6.00 240.00

Planting—days 60 @ 3.00 180.00

Total $1 ,060.00

with fluctuations in prices of forage, of the Tamarisks or the wage rate; naturally the costs will be
varied.
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To the American Railway Engineering Association:

Your Committee respectfully presents reports on the following subjects:

(1) Revision of Manual (Appendix A).

(2) Analysis of operations of railv/ays that have made marked progress in the re-

duction of labor required in maintenance of way work (Appendix B). Progress report.

(3) Economics of methods of weed killing (Appendix C). Progress report.

(4) Gang organization and methods of performing the more common tasks of

maintenance of way work (Appendix D). Progress report.

(5) Out-of-face renewal of track in view of the increasing life of the basic units of

track construction (Appendix E). Progress report.

(6) Economies in labor te be effected through increased capital expenditures.

Progress in study—no report.

(7) Economies in track labor to be effected in the maintenance of joints by welding

and the use of reformed bars (Appendix F). Progress report.

The Committee on Economics of Railway Labor,

F. S. ScHWINN,. CAazVwan.

Appendix A

(1) REVISION OF MANUAL
Elmer T. Howson, Chairman, Sub-Committee; A. E. Botts, H. A. Cassil, H. H. Harsh;

G. M. Magee, F. S. Schwinn, H. M. Stout, F. M. Thomson.

For sixteen years the Committee on Economics of Railway Labor has been studying

various phases of the problem of recruiting, training and employing engineering and

maintenance of way forces most eifficiently. In concluding its studies of various phases

of this subject, it has drafted conclusions which have been approved for inclusion in the

Manual. These conclusions appear under some twenty different headings.

Prepared over this period of years by different Sub-Committees and approved by a

committee of changing personnel, these various groups of conclusions or recommended

practice have been lacking in continuity and coherency and have been overlapping or

conflicting in some respects. In certain details they have also been made obsolete by

changing conditions. For these reasons, your Committee has this year undertaken to

review all of this material now in the Manual and to revise and co-ordinate it in order

that it may be made a coherent, up-to-date statement of those conclusions to which the

Association has given approval to date. In its work this year, the Committee presents

no new material. Its recommendations are as follows:

Bulletin .^72, December, 1934.
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1. That there be transferred to the Committee on Work Equipment

(a) that material relating to methods of maintaining motor cars, together with
Exhibit 2, appearing on pages 1467-8-9 of the last or 1929 edition of the

Manual.

(b) the drawings of the standard axle and of the standard wheel tread and
flange for 16-in. and 20-in. wheels for maintenance motor cars, appearing
on pages 87-88 of the July, 1930, supplement to the Manual.

2. That there be withdrawn from the Manual all that material describing in detail

methods for making time studies for the purpose of establishing units of measure of

work performed, beginning at the top of page 1446 and continuing to Exhibit A

—

methods for making time studies—on page 1449 of the 1929 edition of the Manual (the

material beginning with Exhibit A on page 1449 and continuing through to and including

the first three paragraphs at the top of page 1456 having been withdrawn at the 1933

convention)

.

3. That the following material now appearing in the Manual be withdrawn for

reasons given with each paragraph:

Page 1443—Plans and Methods for Obtaining Railway Labor—paragraph 1: The

problem of obtaining railway labor is broad and one deserving of careful consideration

and organization. (Self-evident).

Page 1443—paragraph 2: In the interest of efficiency and economy, maintenance

employees should have the necessary mental and physical qualifications. (Self-evident.)

Page 1443—paragraph 3: Best results may be obtained by providing some officer

or some organization to supervise the selection and care of employees. (Duplicated else-

where.)

Page 1443^—paragraph 4:—The living conditions of employees should be sanitary and

comfortable. Food should be wholesome and of sufficient quantity, and work so regu-

lated as not to be injurious to health. (Duplicated elsewhere.)

Page 1443—paragraph S: Every encouragement, consistent with economy and effi-

ciency, should be given to permanent employment throughout the year. (Duplicated

elsewhere.)

Page 1443—paragraph 6: To avoid abuses, free transportation for railway labor

should at all times be within the control of regularly delegated officers or employees.

(Self-evident.)

Page 1445—Method for Obtaining and Handling Railway Employees—paragraph 5:

The promotion of the mutual interests of employers and employees through participa-

tion in the ownership of the industry on which they are dependent for their income in

wages or dividends is an objective greatly to be desired and warrants the careful con-

sideration of the railways as a means of stimulating co-operation in the common objec-

tive. (Not applicable today.)

Page 89 of the July, 1930, Supplement to the Manual—Best Means for Practical

Training and Education of the Individual Workman—paragraph 3: Having a propeny

recruited force, the Association reiterates its conclusion adopted in 1922 that "a thorough

and systematic method of training employees in maintenance work is essential for effi-

ciency." (Duplicated elsewhere.)

4. That the material remaining in the Manual under the classification Economics

of Railway Labor (other than that included under the headings (a) Programming of

Bridge and Building Work and (b) Revised Plans for Outfit Cars for Maintenance of

Way Department Employees, adopted at the 1934 convention and presented on pages

138-45 of the July, 1934, Supplement to the Manual) be adopted for inclusion in the

Manual as revised and re-assembled as follows;
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Personnel

Where roads are of sufficient size to warrant the creation of a personnel department,

it is recommended that such a department be established whose duties shall be the en-

couragement of employees and their handling without prejudice, in their (a) employment,

promotion and transfer; (b) education, training and service, including separation from

service. On smaller roads, work of the character above outlined should be assigned to

some officer in the existing organization, to be handled independently of his relation to

any particular department.

Supervisory

The demands upon railway personnel are becoming so exacting and these demands

will continue to grow so intensively that only by an organized system, similar in its

character to those employed in the industrial field, for carefully selecting candidates for

employment and for definite training for official positions, can the railways meet the de-

mands of the future with full assurance that they will be able to operate at the highest

efficiency.

Such a plan should not be confined to one department, nor have as its objective the

betterment of a single department, but should be based upon the needs of the railway

as a whole. While not excluding the ambitious and capable man in the ranks who is

willing to make the effort to succeed, the railways need to devise a plan for bringing into

their service for training, young men of evident ability and education, thereby competing

with the industries, particularly electrical manufacturing and public utility, which are now

securing the most capable graduates of the colleges and universities.

After recruiting men of promise, the railways must offer these men sufficient induce-

ments to cause them to remain in their service and at the same time should so train them

that they may be prepared to assume responsible positions as quickly as practicable.

Engineers trained in maintenance work are essential to an efficient organization. To
this end it is desirable that there be practical cooperation between railway managements

and schools and colleges offering technical courses for the preparation of young engineers

for railway service.

After entering railway employ, these young engineers should be given systematic

and careful training. If, in due course, they do not show the necessary ability to combine

practical and technical training with that of organizing, directing and supervising work,

they should not be retained in this branch of the service.

Training may best be accomplished by rotation in service. In this training, it is

essential that these young engineers be made familiar wth the rules and practices of the

operating and accounting departments.

It is desirable to maintain a fixed minimum engineering force throughout the year.

Employees

Industry in general is gradually coming to appreciate that efficiency in production is

possible only with a capable force of employees. With the increasing use of machinery

and the more exacting requirements of traffic, maintenance of way work is requiring a

higher type of workman than ever before. Such a force can only be developed through

careful selection of those men who are best adapted by experience, physique, and similar

characteristics for the work to be done.

A thorough and systematic method of training employees in maintenance work i«

es.sential for efficiency and for promotion to advanced positions.

To accomplish the best results, methods should be installed to promote individual

effort and interest. Personal contact and personal interest by supervisory forces will go

far to bring this about.
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Employees should be encouraged to seek further education from outside sources on

general principles of railway operation through such agencies as correspondence and night

schools, railway periodicals, etc.

In promotion, merit and fitness should govern. Employees having necessary qualifi-

cations should be given every legitimate opportunity and encouragement to obtain neces-

sary training and experience.

Railway managements should provide means for the fullest possible co-operation be-

tween employer and employee, arranging for the education of all employees, and par-

ticularly those in supervisory capacities, in the aims of the company to secure that result.

The adoption of a plan of employee representation will, through improvement of the

spirit of cooperation, serve largely to stabilize labor and reduce the problem of obtaining

new employees.

The extension of benefit associations providing insurance against the hazards of sick-

ness, accident, superannuation and death is essential to the development of a loyal and

cooperative spirit in railway organizations. Savings funds and loan provisions placed

at the disposal of all worthy employees are added incentives of merit and of economic

value.

Satisfactory working conditions, mcluding the provision of sanitary and agreeable

facilities while on duty; and, where required, clean and comfortable rest-houses, rest-

rooms and dining-rooms, with a sufficient quantity of wholesome food, should be in effect

on all roads.

The establishment of standards and units of measure for all work performed which

is susceptible of measurement, is the foundation for economical and efficient handling of

labor. The making of time studies and the comparison of performances of an individual

gang with a standard, increases the efficiency of the gang under observation and of other

gangs which are made acquainted with the results. The general use of standard methods

and units of measure of performance on divisions and districts of a railway will increase

the efficiency of track forces.

Mechanical Equipment

Recent developments in maintenance of way practices such as the use of improved

materials and labor-saving devices have reduced the amount of track labor required for

adequate maintenance. These developments permit the transferring of the heavier routine

maintenance work from section gangs to specialized gangs equipped with modern labor-

saving machinery, with large resulting economies.

The economy derived through the use of such equipment as motor cars, weed killers,

rail cutting and building-up devices, tie tampers, rail layers, ditchers and locomotive

cranes, has been demonstrated and their use is recommended.

There are also distinct savings in cost, together with better results, greater durability

and a more satisfactory appearance through the use of paint spray equipment. Rail-

ways are warranted in extending its use to small lattice work and trim on structures, by

the use of proper equipment to reduce brush work to a minimum. The greatest economy

can be obtained by keeping specialized forces on this class of work.

Annual Track Inspection and Prize Awards

Properly directed, competition, stimulated by a material reward for excellence, will

increase the interest and activities of maintenance of way forces.

A well-devised plan for an annual inspection with awards, provides a desirable means

whereby a definite spirit of rivalry can be aroused and maintained throughout the work-

ing season.
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The participants should be assured that the competition is being conducted fairly

and that other competitors are not being afforded advantages which are not also avail-

able to them. As a means to this end, the mileage should be equated and a standard

man-hour allotment per equated mile should be made. This standard should then be

modified to correspond with the traffic density over each section or sub-division. The

final ratings should then take into consideration any excess or deficiency in the number of

man-hours actually employed, as compared with the standard allotment as modified.

The use of track-recording machines to provide comparable records of variations in

line and surface, gage and cross level, is recommended. The records made by these ma-

chines have a high value if made at sufficiently frequent intervals and used for the pur-

pose of directing the work of supervisors and foremen, and of indicating to them the

points to which they should give preferred attention.

Diversion of Traffic

Under all but the most intensive traffic, the practice of diverting traffic on multiple

track lines to facilitate the work of the maintenance forces is feasible and when em-

ployed results in definite savings in the cost of doing the work, as well as in net savings

to the railway. In addition to the economies effected, there are added benefits in larger

production, better work and greater safety to workmen.

The provisions necessary for diverting traffic are comparatively simple and can be

varied to meet physical conditions or conform to operating methods. There is little, if

any, added interference with train movements while the work is actually under way and

operating conditions as a whole are improved, as compared with doing the work under

traffic, by reason of the reduction in the time required for its completion.

Programming Work

The orderly prosecution of maintenance of way work throughout the year is essen-

tial to its most economical conduct. Minimum cost is secured through uniform produc-

tion; reductions in manufacturing costs are reflected in prices charged the railways; sta-

bilization of maintenance of way forces, with resulting increase in the uniformity of use of

materials, leads to savings in the cost of materials, over and above the savings effected

directly through the increased efficiency of the forces. Maximum economy is pro-

moted by:

(a) The preparation of a budget of the work to be done during the year and the

authorization of this budget for the year, if possible, or quarterly at least, sufficiently in

advance of the inauguration of the work to enable materials and men to be collected in

an orderly manner.

(b) The equalization of e.xpenditures on roads where it is practical, in accordance

with the plan authorized by the Interstate Commerce Commission, to eliminate the wide

fluctuations in expenditures from month to month. The equalization of expenses permits

work to be done at the most economical time, seasonal and traffic conditions considered.

It also prevents the distortion of operating ratios, while by its application more uniform

forces may be employed in maintenance of way work, thereby tending toward stabi'iza-

tion of forces.

(c) The preparation of a detailed program in which the work authorized is sched-

uled so that it may be done at the most economical season, consistent with the most

efficient utilization of forces. The carrying of this program down to the local divisions

and to the individual gangs on those divisions in order to enable the work of these men
to be directed to the best advantage.
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(d) The stabilization of forces is essential to maximum economies. The practical

method of stabilizing maintenance of way forces is by the establishment of a basic force

that can be employed economically during slack periods, and by adding to this a tem-

porary force as required, with provision for a definite date of termination for all such

positions. This will provide a fairly uniform i>ermanent force, and train recruits to fill

jobs as vacated. In consideration of the ultimate economy of building a strong per-

sonnel of labor forces and the immediate economy of holding experienced men in main-

tenance of way service, as much work as is economically possible should be done in the

winter.

Appendix B

(2) ANALYSIS OF OPERATIONS OF RAILWAYS THAT HAVE
MADE MARKED PROGRESS IN REDUCTION OF LABOR RE-
QUIRED IN MAINTENANCE OF WAY WORK

J. A. Parant, Chairman, Sub-Committee; W. R. Bennett, J. F. Dobson, A. C. Harvey,

H. I. Hoag, Elmer T. Howson, C. A. Johnston, C. R. Knowles, G. M. O'Rourke,

W. H. Vance.

Observations of maintenance methods and an analysis of man-hour reductions, with

other investigations of labor and material records, were made on a trip of the Com-
mittee in 1929 over the Lehigh Valley Railroad. The report is published in Vol. 31, 1930,

pp. 1269-70, and Vol. 33, 1932, pp. 372^385 inclusive.

A second trip over that railroad was made by the Committee in 1933 in order that

the study might be extended to cover the period from 1929 to 1933 inclusive.

The following table shows the total man-hours per year for maintenance of way work

and also the total man-hours for current repairs and a comparison with the average for

the "Test Period" 1915 to 1917 inclusive.

Statement A

Comparison of Man-Hours, Maintenance of Way
Lehigh Valley Railroad Company

Man-Hours
Total for Current

Year Man-Hours Repairs only

Test Period Av 10,406,740 0,795,344

1918 12,010,047 11,629,549

1019 10,481,152 10,339,444

1920 11,430,165 11,245,834

1921 8,782,642 8,709,497

1922 8,776,115 8,680,787

1923 8,577,948 8,471,137

1924 8,568,190 8,441,825

1925 8,239,708 8,104,051

1926 8,032,883 7,894,186

1927 7,665,376 7,426,245

1928 6,076,400 5,675,413

1929 5,898,885 5,590,042

1930 5,180,400 4,822,300

1931 3,826,320 3,687,895

1932 2,760,917 2,752,450

1933 2,305,046 2,294,389

Ratio Man-Hours
for Current

Man-Hours Per repairs each

miles of Trk. year to those

Current Repairs of test period

2960
3420
3050
3310
2560
2550
2480
2470
2370
2310
2170
1660
1630
1410
1080
810
680

100.0

116.6

103.6

112.7

87.3

87.0

84.9

84.6

81.2

79.1

74.4

56.9

56.0

48.4

37.0

27.6

23.0
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The following charts are similar to those in the original report and carry the infor-

mation through 1933.

Attention is directed to Chart 2 showing the total man-hours and man-hours per

mile of track for Section and Extra Crew Labor. The change in the relation of the two

is very noticeable.

The reflection of the adverse conditions since 1929 is shown in the expenditures for

both maintenance and improvements in Charts 4, 5, 6, 8 and 9.

Recommendation

Your Committee recommends that the report be received as information and the

subject continued for further studies on this and other railroads.
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Appendix C

(3) ECONOMICS OF METHODS OF WEED KILLING

C. R. Knowles, Chairman, Sub-Committee; C. W. Baldridge, H. J. Bogardus, J. A. Gorr,

W. S. Hanley, G. M. Magee, F. S. Schwinn, C. R. Wright.

Your Committee has given this subject intensive study during the past year and

has collected a great deal of material pertaining to the subject, and while a tentative re-

port comprising some twelve pages has been prepared certain details are lacking and it

is thought best to report progress with a view of presenting a complete report next year.

Appendix D

(4) GANG ORGANIZATION AND METHODS OF PERFORMING
THE MORE COMMON TASKS OF MAINTENANCE OF WAY
WORK

A. E. Botts, Chairman, Sub-Committee; G. J. Adamson, F. J. Bishop, Wm. Elmer, Paul

Hamilton, A. C. Harvey, H. L Hoag, C. A. Johnston, H. E. Kirby, J. A. Parant,

F. R. Rex, H. M. Righter.

It is recognized by the Committee that economy and production in the more ex-

tensive maintenance of way operations are now influenced to some degree by mechanical

equipment in general, and specifically by that designed for certain given functions. The

further opinion of the Committee is that the development of highly speciahzed equip-

ment is progressing at such rate as to render impracticable the establishment of rigid force

organizations with recommendation for permanent use.

The number and complexity of maintenance of way tasks is so great that it was

considered expedient to concentrate on the more important operations singly.

The Committee accordingly selected the subject of track surfacing, and presents a

report on gang organizations, comprised of from 52 to 142 men, based on the use of

pneumatic tamping equipment in crushed stone ballast. This report, which is the result

of a review of available time studies together with practices in effect on various rail-

ways, and the work of previous committees, whose assignments were similar or related

to that of the current committee, also includes a brief consideration of certain factors

of associated economics, operation, and retirement of mechanical equipment, all of which,

it is felt, forms an important adjunct to any treatment of the subject.

While the organizations are predicated on the basis of using pneumatic equipment,

electric power units can readily be substituted without materially changing the organiza-

tion of forces. It is believed that these plans will serve as a basis from which a de-

sirable gang organization or series of organizations can be established, and that they are

sufficiently flexible to permit any local officer, in charge of the work, to make any revision

necessary to form practical working organizations for any particular surfacing job.

DISCUSSION

In considering the proposed surfacing gangs two principles have been kept in mind,

namely, minimum production costs and adequate quality of work. Before the advent

of mechanical equipment the question of minimum production costs was principally a

problem of reducing the labor time losses, but since the extensive introduction of ma-

chines at least two other factors have arisen which exercise some control over e'fficient

output.

The first of these new factors is the problem raised by the investment in equipment,

a twofold problem in that it consists of a consideration of interest and of depreciation.
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A machine, in contrast to a laborer, cannot be furloughed. Once it is purchased the costs

resulting from the investment go on day after day, and the only way to overcome these

costs is to work the machine. Hence, one of the principles in the design of a gang for

surfacing track with mechanical equipment is to secure a maximum use of the machine.

Interest costs can be readily figured once the interest rate is assumed. The matter of

depreciation is somewhat less precise, principally because machines generally become ob-

solete before they are worn out and the rapidity of obsolescence is not a factor of time

but a mere chance of development. It is probable that, at the present rate at which new
equipment is brought out, a depreciation period longer than ten years is excessive. On
this basis and at an interest rate of 6 per cent the investment costs of tamping equip-

ment are as follows:

Size of Equipment
Investment: Stool 12-tool 20-tool 24-iool

Compressors $3,000 $4,075 $7,075 $8,150
Tampers 1,125 1,625 2,750 3,250

Pipe and Hose Line 750 925 1,700 1,850

Total Investment $4,875 $6,625 $11,525 $13,250

Annual Charges:

Interest @ 6 per cent $292 $308 $692 $795
Depreciation— Annuity @ 6 per cent for

10 years 369 503 875 1,006

Total Annual Charge $661 $001 $1,567 $1,801

Daily Cost of Investment:

Working 300 days per year $2.20 $3.00 $5.22 $6.00
Working 200 days per year 3.30 4.50 7.84 9.00
Working 100 days per year 6.61 9.01 15.67 18.01

The second cost factor to be considered in machine work is the operating costs of

the machine itself. The effect of this factor as related to the present study, aside from

the matter of proper maintenance, lies almost wholly in the selection of the pipe and hose

lines, as compressors and tampers follow set designs in manufacture. Greater than cu?

tomary care should be exercised in the choice of pipe and hose lines. Studies of various

gangs on the railroads have revealed, in some cases, exceedingly high pressure losses in

the air conductors. This pressure drop is a pure waste of energy since it is represented

by heat dissipated into the atmosphere from the hose. The effect of this energy loss is

to slow down the tamping tools and decrease the force of each blow of the tamping bars

with a resulting increase in the time required to tamp a tie. The ideal arrangement of

hose and pipe line would, of course, eliminate all pressure drop between compressor and
tamping tools, but physical conditions set limits in the matter. In establishing the pro-

posed forces the limiting pressure drop was set at 15 lb. per sq. in. The estimated pres-

sure drops from compressor to tamping tool for the several gangs are:

8-tool 12-tool 20-tool 24-tool

Cu. ft. free air per min 126 168 294 336
Pressure at compressor—lb 00 90 90 90
Pressure at tamping tool—lb 83 84 81 76
Maximum pressure drop—lb 7 6 9 14

It may be suggested that with these low pressure drops the compressors will be over-

worked. It is true that if a small pipe and hose line are used the air pressure at the

tools wiU be low, the amount of air exhausted through the tools small, and the compres-

sors will not be worked to capacity. An objective of machine operation, however, is to

obtain a maximum output from equipment. According to statements by compressor
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manufacturers, such equipment is designed to withstand continuous operation. Hence,

the fact that compressors will be worked a larger percentage of the time with a low

pressure—drop pipe and hose layout is in reality a recommendation for such a plan.

Together with the problem of securing maximum efficient utilization of mechanical

equipment is the task of organizing the accompanying labor to reduce to a minimum the

labor time losses. For a surfacing gang these losses may be classified as follows:

1. Going to and from work.
2. Train delays.

3. Getting out and putting up tools.

4. Moving compressors, pipe lines and equipment.

About the only way in which the first two losses can be minimized is to see that the

gang is equipped with suitable motor cars, portable telephone for obtaining information

regarding trains, and to have the camp located as near to the work as possible. The

item of train delays is unavoidable, but loss from this source is usually much overesti-

mated. Such loss will rarely exceed 10 per cent and frequently will be less than S per cent

according to time studies available.

The item of getting out and putting up tools is variable, depending to some extent

upon location. At some points, for instance, hose lines can be left out along the right

of way, but in many places they must be securely locked up over night. Another source

of delay is in starting the compressor. Ordinarily, especially in cold weather, the whole

gang will be delayed several minutes waiting for the compressor to be started. It is

proposed to do this work of getting out and putting up tools and starting the compressor

with a few men. With all gangs, except the 8-tool gang, the compressor operator and

two men will come out one hour ahead of the force. While the two laborers are getting

out the tools and hose lines and placing them in proper positions, the compressor op-

erator will fill the compressor, make any necessary adjustments, and start the machine.

This will give an opportunity to run the compressor unloaded for a sufficient length of

time to thoroughly warm the oil and assure proper lubrication at all points. In the even-

ing the process will be reversed, the gang working until time to return to camp, dropping

the tools along the track. Then, two men will stay behind with the compressor operator,

and while the latter is draining the radiator, when necessary, cleaning the engine, and

making any necessary adjustments to equipment, the two laborers will put up the tools

and hose lines.

The proposed organizations follow the assumption that continuous operation is de-

sirable. By continuous operation is meant that each day a particular group of men do

the same kind of work, rather than spend time variously at the several operations inci-

dent to track surfacing. Hence, to secure maximum utilization of labor, an attempt has

been made to adjust the auxiliary operations of cleaning cribs, installing and spacing ties,

gaging and lining track, and dumping and dressing ballast to keep pace with the surfacing

unit.

It should be kept in mind that if any of the auxiliary operations are not required,

the force can accordingly be reduced.

Also of great importance in considering the organization of a track surfacing force

is the quality of work desired. Probably the most important factor in this connection

is the actual tamping of ties, regarding which many theories have been advanced. It

was found that the amount and method of tamping vary greatly among different rail-

ways, and between the several sub-divisions of a single railway. This is necessarily so

since there is also a wide variance in the controlling factors: traffic, component parts of

track make-up, rolling stock, climatic conditions, drainage, and the amount of mainte-

nance funds available to establish a surfacing program. Thus far it has been impossible
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to evaluate with accuracy the advantages of the various ideas as to tamping practice.

However, recognizing this and notwithstanding the variables listed, it was considered not

unreasonable to set a definite average time for tamping ties. While this time, given in

seconds per tie, may appear somewhat theoretical, in actual practice the foreman will

measure it in terms of rail lengths and quarter hours, and thereby maintain uniform

progress. This time feature will not, of course, perfectly fit all conditions, but it is be-

lieved that variations requiring different treatment are less numerous than generally sup-

posed.

The quality of the auxiliary operations is principally a matter of providing enough

men to maintain the pace of the organization. Thus there must be enough men to thor-

oughly clean the cribs if this operation is necessary. The number of men in the cleaning

unit will probably have to be varied slightly depending on the solidification of the ballast

and the fullness of the cribs. The number of men installing ties will have to be varied

with the number of ties to be installed. The lining and dressing gangs should be prac-

tically the same for all conditions.

In order to obtain economy in any work organization the work to be accomplished

must be planned in advance. The scheduling of all surfacing will permit the anticipa-

tion of its completion in a given time, and all concerned should know what the expected

performance is to be, in order that delays may be checked.

The following table gives an estimate of the cost of production so far as labor is

concerned. The method of arriving at the production figures is shown in the context.

The cost calculations are indicated in the table; the rates of pay were assumed, for pur-

poses of this report, to be reasonable.

Size of Equipment
8-tool 12-tool 20-tool 24-tool

Organization

:

Laborers 47 75 122 133

Compressor Operator 1 1 1 1

Assistant Foreman 3 1 2 2

Foreman 1 3 3 3

General Foreman 1 1 1

Cost per dav (20 day month) Labor @ $0.40

per hour* $150.40 $241.60 $392.00 $427.20

Compressor Operator @ $0.55 per hr.* 4.40 5.50 5.50 5.50

Asst. Foreman @ $110.00 per mo 16.50 5.50 11.00 11.00

Foreman @ $146.00 per mo 7.30 21.90 21.90 21.90

General Foreman @ $174.00 per mo 8.70 8.70 8.70

Total Daily Cost $178.60 $283.20 $439.10 $474.30

Production:

Lin. Ft. of track surfaced, lined, gaged, dressed

and crib cleaned 725 1275 2090 2320

No. ties installed** 17 30 50 55

Costs:

Cleaning cribs—per Im. ft $0.0763 $0.0758 $0.0672 $0.0677

Renewing ties—per tie 0.3030 0.2830 0.2956 0.2640

Surfacing Track—per lin. ft 0.0847 0.0688 0.0639 0.0630

Gaging track—per lin. ft 0.0293 0.0254 0.0262 0.0234

Dressing track—per lin. ft 0.0489 0.0451 0.0457 0.0439

Total—per lin. ft 0.2463 0.2221 0.2101 0.2044

Total—per mile $1300. $1173. $1109. $1079.

(*)—On the 12, 20 and 24-tool gangs the compressor operator and two laborers work 10 hours per
day.

(**)—Based on renewal of 125 ties per mile. When tie renewals exceed this number, the assign-

ment of men shall be in accordance with table under "Tie Installations", page 360.



358 Economics of Railway Labor

In working the proposed track surfacing gang, it is contemplated that the track will

be put in such condition, insofar as ties and ballast are concerned, that no more work
except that of a very minor nature will have to be performed until the next general sur-

facing. This contemplates the renewal at the time of surfacing of all ties that will not

last until the next general surfacing. Under certain conditions, however, it may prove

economical to dig in ties between surfacings. In order to provide a measure with which

to gage the relative economy as to practice in tie renewals the following study is pre-

sented:

Assumptions

1. Average life of treated tie IS years. This average tie life assumed for purposes
of conservative calculations; it being recognized that many railways secure,

and expect to secure, a service life of treated ties considerably in excess of this

period.

2. Cost of tie including timber, treatment, freight and store expense $1.30.

3. Cost to install.

A. Digging in, $0.44 per tie.

B. With raise, $0.26 per tie.

4. Interest rate 6 per cent.

5. Period between surfacings 3 years.

6. That an objective of maintenance policy is a track condition under which all ties

will at all times be in such physical condition as to render full service for which
they are designed.

Calculations

If the period between surfacings is three years all ties will have to be removed which

do not have three years service life left in them, or all ties removed will have an average

of 1.5 years service life still remaining. Thus, the average life will be 18.0— 1.5^ 16.5

years. The annual cost will be:

Cost of tie $1.30

Cost to install—with raise 0.26

Total Cost—with raise $1 .56

Annual cost= annuity to retire $1.56 in 16.5 years plus annual interest =
0.0971 X $1.56 — $0.1515 per year

The annual cost on the basis of digging in the ties after their full service life will be:

Cost of tie $1.30

Cost to install—digging in 0.44

Total Cost—digging in $1.74

Ties installed with raise every third year; ties dug in during the two intermediate

years:

2 X $1-74 +$1.56
Average Cost = ^ =$1.68 per tie

Annual Cost= Annuity to retire $1.68 in 18 years plus annual interest =
0.0924 X $1-68 = $0.1552 per year

Saving in cost under above assumptions would then be $0.1552 — $0.1515 ::= $0.0037

per tie per year, or, with 3250 ties per mile, $12.02 per mile of maintained track per year.

Under the assumptions it is apparent that with any period of less than five years be-

tween surfacings there is economy in the installation of all ties at the time of surfacing

rather than in digging them in from time to time as they reach full service life. Differ-

ent conditions such as cost of ties, life of ties, interest rates and surfacing cycle will, of

course, change the basic factors of assumption, which will require further calculations

to determine the relative economy as to practice in renewing ties.
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Under various assumptions tlie relative economy of digging in and installing ties with

raise is as shown in the following table:
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Tie Installation <

In working the track tie renewals will be made in accordance with practice as deter«

mined by study of conditions outlined in the discussion of this report.

If ties have not been previously spotted, the foreman will in advance of the work

mark all ties that are to come out. The supervisor of the district shall make frequent

observations to see that only those ties are removed which have not the required service

life remaining.

The number of men required to renew ties will be adjusted according to the number

of ties to be removed. For the four sizes of tamping gangs the number of men tenta-

tively assigned to this work shall be as follows:

No. of Ties to be Re-
placed Per Mile 8-tool

SO 2 men
100 2 men
ISO 2 men
200 4 men
300 4 men
400 6 men

12-tool 20-tool 24-tool

2 men
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Tamping Operations—8-Tool Gang

The eight-tool tamping gang will consist of 14 laborers, one compressor operator,

and one foreman organized as follows:

2 men handling six jacks

2 men throwing in ballast and relieving tampers
8 men tamping
1 man handling hose lines

1 man smoothing ballast

Total—14 laborers

1 compressor operator

1 foreman

Pipe and hose line layouts for this gang are as shown in drawings TT-1 and TT-2.

In starting operations one of the ballast men will set the spot board as directed by the

foreman. The jackmen will then lift the track, setting the jacks as required, raising one

rail to the spot board as sighted by the foreman, and bringing up the other rail with a

level board. Tamping operations will be carried out with four men tamping on each

rail. The men will operate in pairs, each pair tamping every alternate tie inside and

outside the rail and completing one end of a tie as shown in drawing TT-4, covering the

required tie tamping. Under average conditions each tie should be tamped for l^A min-

utes with about two-thirds of the time spent outside the rail and about one-third of the

time spent inside the rail. This means that in IS minutes the eight tampers should fin-

ish 20 ties, or in one hour they should complete 80 ties, or about 135 ft. of track (4 rails

33 ft. long or 3>^ rails 39 ft. long).

As the force progresses, the two jackmen keep the jacks moved ahead; moving the

rear jacks after the forward group of tampers has caught up the ties adjacent thereto

sufficient to hold the raise. The two ballast men follow the jackmen, keeping sufficient

ballast thrown into the cribs from the shoulder and center ditch so that the ties can be

well tamped. These two ballast men alternate with the men handling the tampers. One

pair of ballast men work one rail length and then relieve two tampers. These second

two men shovel ballast for one rail length and then relieve two more men on the

tampers. Thus a man tamps four rail lengths and shovels ballast one rail length.

One man is assigned to handling the hose. One 100 ft. length of 1^ in. diameter

hose, marked "X" in drawings TT-1 and TT~2, is to be used with this force to connect

the distributor "Y" to the pipe Hne. The distributor will be placed in the center of the

track with the tool leads "Z" to the individual tamping units. It will be the ho:e

handler's duty to keep the distributor pulled forward and the main hose connection

moved ahead on the pipe line as the gang progresses.

The man smoothing ballast works behind the gang, shoveling ballast from the toe

up against the heads of the ties to prevent the raveling out of the tamped ballast.

The duties of the compressor operator are to keep the compressor clean and filled

with water, gas, and oil, make any necessary minor adjustments to the machine, make

repairs to hose and the pipe lines, keep tools oiled and greased, and assist in moving pipe

line and compressor.

Pipe line and compressor moves are to be made as follows:

The 1220 ft. of pipe furnished the gang will be laid out forward from the starting

point of the work, and the compressor will be attached to the forward end of the pipe

line. After the gang has progressed past the mid-point of the line, the valve located at

this point will be closed, and compressor operator will uncouple the rear half of the pipe

line at the union joints, leaving the pipe in 40 ft. sections. When the hose line connec-
tion is made at the outlet immediately at the compressor, the valve at the end of the
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compressor manifold will be closed, and the compressor operator will uncouple the second

half of the pipe line. Then, at the first opportunity that the track can be secured, the

whole force will stop tamping and move the whole length of pipe line ahead, dividing

into three groups of five men each, each group to be equipped with one push car. One

of the sections of pipe containing a globe valve will be placed just forward of the first

pipe line outlet, and as soon as the pipe is connected to this valve, the air will be turned

on and the tamping will proceed. The compressor operator and the man used in dress-

ing ballast will then finish coupling up the rest of the pipe line.

A compressor move will have to be made every third day. When the gang ap-

proaches the end of the pipe line the foreman should obtain a train line-up, and, as soon

thereafter as the track will be free, he should arrange to move the compressor whether

the pipe fine has been completely used up or not. The gang will be divided with one

man flagging, the foreman, the compressor operator and five men moving the compres-

sor and cribbing, and the other eight men uncoupling, moving, and recoupling the pipe

line. If two flagmen are required only four laborers will be used hi moving the com-

pressor. As soon as a compressor move is started, four of the eight men assigned to

moving the pipe will commence uncoupling the pipe, and the other four will assist in

putting the compressor on the track and loading the cribbing. After the compressor has

moved off, the latter four men will put two push cars on the track and, two men to a

push car, will start loading the pipe. When the pipe has all been loaded, the eight men
assigned to moving the pipe will push the cars up to the new compressor set-off. Then,

starting at this point three of the men will push the two cars and unload the pipe in the

rear of the compressor, while the other five men couple up the pipe. When the pipe is

unloaded and the push cars removed from the track the hose line will be moved up and

set in position ready for coupUng into the pipe line after the air is turned. In laying

down the pipe line care must be taken to see that the valves are placed at the end and

mid-point and that the outlets are properly spaced. After the compressor is started and

the line blown out and tested for leaks, the hose will be connected and tamping started.

Estimated Production

On the basis of six productive hours per day the estimated production is as follows:

First day:

6 hours @ 80 ties or 480 ties or SIS lin. ft.

Second day:

Yz hour delay moving pipe

5^ hours @ 80 ties or 440 ties or 750 lin. ft.

Third day:

V/i hours moving pipe and compressor

AYz hours @ 80 ties or 360 ties or 610 lin. ft.

Total for three days 1280 ties or 2175 lin. ft.

Average per day 427 ties or 725 lin. ft.

Tamping Operations—12-Tool Gang

The twelve-tool gang will consist of 22 laborers, one compressor operator, one as-

sistant foreman, and one foreman organized as follows:

2 men handling eight jacks

4 men throwing in ballast and relieving tampers

12 men tamping
1 man handling hose

2 men moving pipe

1 man smoothing ballast

Total—22 laborers

1 compressor operator

1 assistant foreman
1 foreman
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Pipe and hose line layouts for this gang are as shown in drawings TT-1 and TT-2.

In starting operations one of the ballast men will set the spot board as directed by the

foreman. The jackmen will then lift the track, setting the jacks as required, raising one

rail to the spot board as sighted by the assistant foreman, and bringing up the other

rail with a level board. Tamping operations will be carried out with six men tamping

per rail. They will be divided into pairs as shown, A-B-C ^nd A'-B'-C on drawing

TT-2. The outside pairs, B, C, B' and C, will tamp the heads of each alternate tie, and

will tamp the section under the rail which they can reach from outside the rail. The

two pairs of inside tampers, A and A', will tamp the inside of every tie. See drawing

TT-4, showing amount of tie to be tamped. No tamper will lift the machine over the

rail. Under average conditions each tie should be tamped 54 seconds by each pair of

outside tampers and 21 seconds by each pair of inside tampers. This means that in 15

minutes the whole gang should complete 34 ties or in one hour it should finish 136 ties

or about 230 feet of track (7 rails 33 ft. long or 6 rails 39 ft. long).

The procedure as the force progresses is similar to that of the eight-tool gang.

One man is assigned to handling the hose. Four 100-ft. lengths of 1^ in. diameter

hose, marked "X" on drawings TT^l and TT-2, are to be used with this gang. Two of

these lengths will be used to connect the two distributors "Y" to the pipe line. The hose-

line man will then connect the second two lengths of hose to the next forward pipe line

outlet, and will pull the hose back, one length on each side of the track, towards the gang.

When the gang has worked up to the ends of these forward hose lengths, the hose man
will connect them into the distributors, will turn the air on from the forward set of hose

lines, and will turn off the air from the rear set of hose lines. The rear set will then be

disconnected from the distributors and pipe line moved ahead to the second pipe line out-

let, and pulled back towards the gang to be connected again at the proper time. In this

way the air supply will be cut off only for the short time necessary to change the hose

connection from the front to the rear end of the distributor as the gang passes the pipe

line connection. The man handling the hose lines also keeps the distributors pulled

along so there is no delay in tamping.

The man smoothing ballast works behind the gang, and shovels ballast from the

toe up against the heads of the ties to prevent the raveling out of the tamped ballast.

The duties of the compressor operator are the same as in the case of the eight-tool

gang, except that he shall be a qualified motor car operator, and, with two laborers, shall

work two hours per day longer than the rest of the force.

In the morning the compressor operator and two men will arrive on the job one

hour early. The compressor operator will proceed to service the compressor and will

run it for at least fifteen minutes unloaded, so that it will be thoroughly warmed and the

oil distributed before load is applied. The air will then be turned on before the gang

arrives so that the pipe line pressure is thoroughly built up ready for work the instant

the tampers are started. Two laborers accompanying the compressor operator will pro-

ceed to get out and connect the hose lines, will place spot board, level board, jacks,

tampers, and other necessar>' tools along the track at the points where they will be used,

so that as soon as the gang arrives it can start tamping at once.

In the evening the force will tamp continuously until quitting time, and will lay

the tools down along the track. The compressor operator and two men will remain be-

hind, the two laborers picking up tools, disconnecting hose lines and putting equipment

away; the compressor operator draining the radiator if necessary, blowing out pipe line

and compressor, and making any adjustments that require shutting down of the ma-

chine. All equipment as it is put away for the night will be carefully inspected, and any
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loss or breakage shall be repaired so that all tools and hose lines are ready for immediate

use in the morning.

Pipe line and compressor moves are to be made as follows:

The full length of 1220 ft. of pipe will be stretched out behind the compressor with

one cut-off valve at the mid-point, and one at the end. After the tamping has pro-

ceeded to a point where- the hose lines are connected ahead of the mid-point cut-off

valve, this valve will be shut and the two pipe-line men will proceed to uncouple the

rear half of the line. When the uncoupling is completed, these two men, with the as-

sistance of the compressor operator and the man assigned to smoothing ballast, used as

a flagman if necessary, will proceed to move the rear hah" of the pipe line and lay it

out ahead of the compressor. After the line is entirely removed the two pipe-line men

will connect it, with the cut-off valve at the head end, turn on the air, and test the line

for leaks. When tamping has proceeded to a point where the hose line is connected

ahead of the compressor, the two pipe-line men will shut off the valve at the compressor

manifold, and will proceed to uncouple that half of the pipe line lying behind the com-

pressor. When uncoupling is completed they will, with the help of the compressor op-

erator and the ballast smoother, move the pipe and lay it out at the head end of the

section of pipe then connected to the compressor. The two pipe-line men will couple

the pipe, turn on the air, and test the line for leaks.

When the force approaches the head end of the pipe line layout, the foreman will

obtain a lineup of trains. Then, at the first opportunity when the track can be ob-

tained for three quarters of an hour or more, regardless of whether the full length of

hose and pipe line has been used up, the compressor will be moved. The foreman will

count 34 rails 39 ft. long or 40 rails 33 ft. long, from the point where tamping is stopped

and will there mark the location of the new compressor set-off. The compressor oper-

ator and 10 men, under the direction of the foreman, will proceed to move the com-

pressor and cribbing, while the other 12 men, under the direction of the assistant fore-

man, will start to uncouple the pipe. As soon as the compressor and cribbing have been

moved the pipe-moving group will put six truck cars on the track and, divided into

three groups of four men each, will proceed to load and move the pipe line, laying it out

in the rear of the new compressor set-off. As soon as the pipe line is in place the man
assigned to handling hose will go to the rear end of the pipe line and connect the hose

lines, while the rest of the gang proceeds to couple the pipe line and compressor mani-

fold. After the pipe has been coupled, and all leaks removed, air will be turned on to

the tools, and tampbg will proceed.

Estimated Production

On the basis of six productive hours per day the estimated output is as follows:

First day:

6 hours @ 136 ties or 816 ties or 1390 lin. ft.

Second day:

1 hour moving pipe and compressor

S hours @ 136 ties or 680 ties or 1160 lin. ft.

Total for two days 1496 ties or 2SS0 lin. ft.

Average per day 748 ties or 1275 lin. ft.
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Tamping Operations—20-Tool Gang

The twenty-tool gang will consist of 34 laborers, one compressor operator, one as-

sistant foreman, and one foreman organized as follows:

2 men handling eight jacks

8 men throwing in ballast and relieving tampers

20 men tamping
1 man handling hose

2 men moving pipe

1 man smoothing ballast

Total—^34 laborers

1 compressor operator

1 assistant foreman
1 foreman

Pipe and hose line layouts for this gang are as shown in drawings TT-1 and TT-3.

In starting operations one of the ballast men will set the spot board as directed by the

foreman. The jackmen will then lift the track, set the jacks as required, raise one rail

to the spot board as sighted by the assistant foreman, and bring up the other rail with

a level board. Tamping operations will be carried out with ten men tamping per rail.

They will be divided in pairs as shown, A-B-C-D-E and A'-B'-C'-D'-E', on drawing

TT-3. The outside pairs, A, B, C, A', B', and C, will tamp the heads of every third tie

from within about 2 inches of the end of the tie up to the outside edge of the rail. The

four inside pairs of tampers, D, E, D', and E', will tamp the inside of each alternate tie

including the part under the rail which can be reached from inside the rail. See drawing

TT-4 showing amount of tie to be tamped. No tamper will lift the machine over the

rail. Under average conditions each tie should be tamped 48 seconds by each outs'de

pair of tampers and 32 seconds by each inside pair of tampers. This means that in IS

minutes the whole gang should complete 56 ties or in one hour it should finish 224 ties,

or about 380 ft. of track (11^ rails 33 ft. long or 10 rails 39 ft. long).

The procedure as the force progresses is the same as with the smaller gangs, except

that the eight ballast men alternate with the men handling the tampers in the following

manner:

There are five pairs of tampers on each rail, numbered consecutively from the head

of the gang. The pair in position 1 tamp for two rail lengths in position 1, shovel ballast

for one rail length, tamp three rail lengths in position 3, shovel ballast one rail length,

tamp two rails in position 5, shovel ballast one rail length, tamp three rail lengths in

position 2, shovel ballast one rail length, etc. The pair starting in position 2 tamp

for three rail lengths in position 2, shovel ballast for one rail length, tamp two rail

lengths in position 4, shovel ballast for one rail length, tamp three rail lengths in posi-

tion 1, etc. In other words, each pair of men tamp three and two rail lengths, alter-

nately, with one rail length shoveling ballast between each period of tamping. Each

period of tamping is worked in alternate positions thus 1-3-5-2-4-1. In this way each

man is relieved from the tampers for 2/7 of the total tamping time.

Hose lines wDl be handled in the same manner as with the twelve-tool organization.

Likewise, one man, smoothing ballast behind the gang, will shovel ballast up to the heads

of ties to prevent raveling out of tamped ballast. The duties of compressor operator

shall also be the same as with the twelve-tool force.

Hose line and compressor moves are to be made in a manner similar to that em-

ployed with the twelve-tool organization, except that two hose-men, instead of one, will

be assigned to this work.
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Estimated Production

On the basis of six productive hours per day the estimated output is as follows:

First day:

6 hours @ 224 ties 1344 ties or 2280 lin. ft.

Second day:

1 hour moving pipe and compressor

S hours @ 224 ties 1120 ties or 1900 lin. ft.

Total for two days 2464 ties or 4190 lin. ft.

Average per day 1232 ties or 2090 lin. ft.

Tamping Operations—24-Tool Gang

The twenty-four-tool gang will consist of 41 laborers, one compressor operator, one

assistant foreman, and one foreman organized as follows:

3 men handling eight jacks

8 men throwing in ballast and relieving tampers
24 men tamping
2 men handling hose

2 men moving pipe

2 men smoothing ballast

Total—41 laborers

1 compressor operator
1 assistant foreman
1 foreman

Pipe and hose line layouts for this gang are shown in drawings TT-1 and TT-3.

In starting operations one of the ballast men shall set the spot board as directed by the

foreman, while one of the jackmen cuts down the ballast for the jacks if necessary. The

jackmen shall then lift the track, setting jacks as required, raising one rail to the spot

board as sighted by the assistant foreman, and bringing up the other rail with the level

board. Tamping operations shall be carried out with twelve men tamping per rail.

They shall be divided into pairs as shown, A-B-C-D-E-F and A'-B'-C'-D'-E'-F', on

drawing TT-3. The outside pairs. A, B, C, D, A', B', C, and D', shall tamp the heads

of every fourth tie from within about 2 inches of the end to a point as far under the

rail as they can reach. The four pairs of inside tampers, E, F, E', and F', shall tamp the

inside of each alternate tie. Sec drawing TT-4, showing amount of tie to be tamped.

No tamper shall lift the machine over the rail. Under average conditions each tie should

be tamped 58 seconds by each outside pair of tampers and 29 seconds by each inside

pair of tampers. This means that in IS minutes the whole gang should complete 62 ties,

or in one hour it should finish 248 ties, or about 420 ft. of track (13 rails 33 ft. long or

11 rails 39 ft. long).

As the force progresses the three jackmen keep the jacks moved ahead, moving the

rear jacks after the' first pairs of tampers have caught up the ties adjacent thereto suf-

ficient to hold the raise. The eight ballast men follow the jackmen, keeping sufficient bal-

last shoveled into the cribs from the center ditch and shoulders so that the ties can be

well tamped. The eight ballast men alternate with the men handling the tampers. Each

pair shovels ballast for two rail lengths and then handles the tampers six rail lengths.

In this way each man is tamping three-fourths of the total time.

Hose lines will be handled in the same manner as in the case of the 20-tool organi-

zation. The two men smoothing ballast shall work behind the gang and shovel ballast

from the toe up against the heads of the ties to prevent the raveling out of the tamped

ballast. Duties of the compressor operator shall be the same as in the case of the 20-tool
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organization, and this man, together with two laborers, will work two hours more per

day than the remainder of the force.

The full length of 2340 ft. of pipe will be laid out behind the compressor, with one

cut-off valve at the mid-point and one at the end, after which the pipe line and com-

pressor moves shall be made in the same manner as with the 20-tool organization.

When the force approaches the head end of the pipe-line layout the foreman shall

obtain a lineup of trains. Then, at the first opportunity when the track can be obtained

for three quarters of an hour or more, regardless of whether the full length of hose and

pipe line has been used, the compressor shall be moved. The foreman shall count 63 rails

39 ft. long or 74 rails 33 ft. long from the point where tamping is stopped, and will mark

the location of the new compressor set-off. One or two men, as required, shall be as-

signed to flag, the compressor operator and eleven men under the direction of the fore-

man shall move the compressors, and the other twenty-eight men, under the direction

of the assistant foreman, shall proceed to uncouple the pipe line. As soon as the com-

pressor and cribbing have been moved down the track, the pipe moving group shall put

seven truck cars on the track and, divided into seven groups of four men each, shall

proceed to load and move the pipe line, laying it out in the rear of the new compres-

sor set-off. As soon as the pipe line is laid the men assigned to handling hose shall go

to the rear end of the pipe line and connect the hose lines, while the remainder of the

gang couples the pipe line and compressor manifold. After the pipe has been coupled,

and all leaks removed, air shall be turned on to the tools and tamping shall proceed.

Estimated Production

On the basis of six productive hours per day the estimated output is as follows:

First day:

6 hours @ 248 ties 1488 ties or 2530 lin. ft.

Second day:

1 hour moving pipe and compressor

5 hours @ 248 ties 1240 ties or 2110 lin. ft.

Total for two days 2728 ties or 4640 lin. ft.

Average per day 1364 ties or 2320 lin. ft.

Gaging and Lining

Immediately behind the tamping force will come the gaging and lining gang. This

gang will consist of:

6 men with the 8-tool tamping force

9 men with the 12-tool tamping force

l.*; men with the 20 and 24-tool tampinp force

On the 8-tool and 12-tool forces the gaging and lining gang will work under the

supervision of the foreman; on the 20-tool and 24-tool forces it will work under the

supervision of an assistant foreman.

While gaging, the gang will be divided into group? of three men each, each group

gaging the track for one-half a rail length. One man of each group will nip up the tie

in spiking, and the other two men will drive the spikes. After one group has finished its

half rail length it will go to the forward end of the gang and start another half rail

length, .^t the end of the day the gaging will have to be left off soon enough so that

the gagers can fully spike up any newly installed ties that may lie ahead.

When a reasonable amount of track has been gaged the track shall be lined. For

this purpose the whole gaging gang shall be used (6 to Q men) with the 8-tool and
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12-tool tamping forces, but with the larger tamping forces only nine of the fifteen men
shall be used for lining, the other six continuing with the gaging.

During a portion of the time three men will be assigned to tighten all joint bolts.

Ballast Dressing

The ballast dressing gang will be in charge of an assistant foreman and will be or-

ganized as follows:

8-tool tamping force

1 assistant foreman
3 men pick tamping low joints

7 men dressing ballast

12-tool tamping force

1 assistant foreman
3 men pick tamping low joints

12 men dressing ballast

20-tool tamping force

1 assistant foreman
6 men pick tamping low joints

20 men dressing ballast

24-tool tamping force

1 assistant foreman
6 men pick tamping low joints

22 men dressing ballast

The ballast dressing gang will work at least two days behind the surfacing force in

order to give the track time to settle under traffic. The men assigned to pick-tamping

will work in groups of threes, and will raise all low joints or other low spots that may
have developed. They will also assist in unloading ballast when required.

The men dressing ballast will follow the pick tampers, complete the surfacing job,

and dress the ballast to standard cross-section. Ballast will be dumped at regular inter-

vals depending upon the quantity required. For purposes of estimating the necessary

quantities the following figures are given:

With a 2 in. raise on a standard ballast section of 3124 cu. yd. per mile:

8-tool tamping force requires 108 cu. yd. ballast per day, which is about ten cars

every five days. Ballast will be unloaded by the three men assigned to pick

tamping and the seven men assigned to dressing, and the work will be under
the direction of an assistant foreman. Four men will be used on the ground
to handle the ballast shoes, and six men will be placed in the car to shovel

down ballast.

12-tool tamping force requires 190 cu. yd. ballast per day, which is about twelve

cars every three days. Ballast will be unloaded by ten of the men assigned

to dressing ballast who work under the direction of an assistant foreman.

The other two men assigned to dressing ballast and the three men assigned

to pick tamping will continue their assigned work. Of the ten men used

to dump ballast four men will work on the ground handling the ballast

shoes and six men will be used in the car to shovel down ballast.

20-tool tamping force requires 312 cu. yd. ballast per day, which is about thirteen

cars every other day. When ballast is unloaded ten men from the dressing

gang will be used in the same manner as with the twelve-tool organization.

24-tool tamping force requires 346 cu. yd. ballast per day, which is about fourteen

cars of ballast every other day. When ballast is unloaded ten men from the

dressing gang will be used in the same manner as with the twelve-tool and
twenty-tool organization.

The efficiency of the ballast dressing gang depends upon the careful scheduling of bal-

last shipments. These shipments must be of such frequency as to not delay the progress

of the force, but ballast cars should not accumulate and be left standing in the yard. It

should not be difficult, however, for the supervisor to control the ballast situation. He
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should keep himself informed as to the contemplated track raises, and upon this basis,

make the necessary estimates of requirements.

In some cases, where the original ballast section is scant, it will be necessary to unload

ballast in advance of the surfacing gang in order to have a quantity sufficient for the

required raise. When this procedure is necessary, enough ballast should be unloaded to

permit dressing the track without an additional dumping for that purpose.

SUMMARY OF GANG ORGANIZATION

Section Description Number of Men or Tools

Size of Gang 8-tool 12-tool 20-tool 24-tool

1 Digging out cribs:

Laborers 12 21 33 36

Waterboy 1 1 1 or 2 1 or 2

Assistant Foreman 1 — — —
Foreman — 1 1 1

2 Surfacing:

Installing and spacing ties 2 2 4 4
Filling cribs 2 4 6 8

Handling jacks 2 2 3 3

Relieving tampers 2 4 8 8

Tamping 8 12 20 24

Handling hose 1 1 2 2

Moving pipe — 2 2 2

Compressor operator 1 1 1 1

Waterboy 1 1 1 or 2 1 or 2

Assistant Foreman 1 1 1 1

Foreman 1 1 1 1

3 Gaging and Lining:

Laborers 6 9 IS IS

Assistant Foreman — — 1 1

4 Dressing and Dumping Ballast:

Pick Tamping 3 3 6 6

Dressing and dumping 7 12 20 22

Waterboy — 1 1 1

Assistant Foreman 1 — — —
Foreman — 1 1 1

Total Gang 47 75 122 or 124 133 or 135

Compressor Operator 1 1 1 1

Assistant Foremen 3 1 2 2

Foremen 1 3 3 3

General Foreman — 1 1 1

Conclusions

1. That since considerable savings have been realized by many railways through

carefully planning expenditures for materials, it is reasonable to expect that still further

economies would result from careful analysis and planning of the use of labor, as ex-

penditures for the latter are greater than for the former.

2. That the efficacy of any organization of forces for surfacing track requires:

(a) that a comprehensive program of the work be prepared in advance, and (b) co-

ordination between the agencies purchasing and using materials, in order that materials

will arrive as necessary.

3. That the established schedules should be in such form as to readily permit check-

ing progress of the work at any time.

4. That the person responsible for a given surfacing project should, with a per-

spective of final cost, use every means to determine the most economical method of per-
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Appendix F

(7) ECONOMIES IN TRACK LABOR TO BE EFFECTED IN THE
MAINTENANCE OF JOINTS BY WELDING AND THE USE OF
REFORMED BARS

W. R. Bennett, Chairman, Sub-Committee; Lem Adams, F. J. Bishop, J. I. Catherman,

Armstrong Chinn, Wm. Elmer, Paul Hamilton, H. H. Harsh, F. N. Nye, W. H.
Vance.

Your Committee has contacted a number of railroads with a view of developing the

extent to which track labor is affected as the result of rail end welding and the use of

reformed bars.

Sufficient information has been obtained to indicate that a very appreciable saving

can be realized in track labor by the proper maintenance of joints either through rail end

welding, or the use of reformed bars or a combination of the two. Enough data has not

been collected to warrant tKp preparation of a complete report on the subject, and your

Committee therefore wishes to continue the subject for further study.



REPORT OF SPECIAL COMMITTEE ON WATER-
PROOFING OF RAILWAY STRUCTURES

J. A. Lahmer, Chairman;
G. E. Boyd,
A. C. Copland,
O. F. Dalstrom
A. C. Irwin,
F. R. JUDD,

G. E. Robinson,
G. A. Rodman,
I. L. Simmons,
A. B. Stone,
F. P. Turner,

G. A. Haggander, Vice-

chairman;
L. W. Walter,
H. T. Welty,
C. A. Whipple,

Committee.

To the American Railway Engineering Association:

Your Committee respectfully presents herewith its report on the following subjects:

(1) Revision of Manual.

Add the following to definitions in Bulletin 347, July, 1932 (Revisions and Addi-

tions to Manual)

:

Plaster Coat Waterproofing.—The surface application of one or more coats of im-

pervious material in the form of plaster to prevent the entrance of water.

Change Section 10 of Specifications for Membrane Waterproofing, page 149 of Bul-

letins 367-368, July-August, 1934 (Supplement to Manual) to read as follows:

"Fabric shall consist of high-grade cotton cloth saturated thoroughly and uni-

formly with asphalt for use above ground, or coal-tar pitch for use above ground, or

coal-tar pitch for use below ground, which conforms to the foregoing specifications."

Change Section 18 (asbestos felt) of Specifications for Membrane Waterproofing,

page 151 of Bulletins 367-368, in following particulars under "Saturated":

"(c) Weight of roll per 108 sq. ft., exclusive of wrapping and packing, 30 lb. plus

or minus 2.4 lb.;

"(f) Weight of saturant not less than 55 per cent of the weight of moisture free

desaturated felt."

Recommended for adoption and inclusion in the Manual.

(2) Principles governing the use of waterproofing or dampproofing of railway

structures (Appendix A). Complete and recommended for inclusion in the Manual.

(3) Waterproofing and dampproofing as applied to existing railway structures

Questionnaire covering work of this kind has been sent to representative railroads and

replies are being received and studied.

(4) Specifications for materials and workmanship for use of asphalt emulsions,

coal-tar emulsions, cut-back asphalt and cut-back coal-tar for dampproofing (Appendix

B). Progress report.

(5) Specifications for materials and workmanship for use of plaster coat and

metallic coating for waterproofing and dampproofing. Study of this subject has nut

progressed sufficiently to permit report to be prepared.

Special Committee on Waterproofing of Railway Structures,

J. A. Lahmer, Chairman.

Bulletin 372, December, 1934.
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Appendix A

(2) PRINCIPLES GOVERNING THE USE OF WATERPROOFING
OR DAMPPROOFING OF RAILWAY STRUCTURES

O. F. Dalstrom, Chairman, Sub-Committee; A. C. Irwin, G. E. Robinson, G. A. Rodman,
I. L. Simmons, C. A. Whipple.

Waterproofing

1. Adequate and effective drainage should be provided to remove water from the

waterproofed surface if practicable.

2. Where the range of temperature varies from above freezing to below freezing,

the disintegrating effect of frost action on water-saturated masonry must be recognized

and adequately guarded against.

Where the temperature does not fall below freezing, the destructive effects of water

penetration, but not permeation, by water free from corrosive elements are small. In

cases of the passage of small quantities of water through parts of structures not subject

to freezing temperatures, waterproofing should be provided only as required by appear-

ance of surfaces or use of structure.

3. Waterproofing should not be applied to the face of masonry subject to freezing

and thawing, where water reaches that face through the masonry.

4. The materials for waterproofing and the methods of application should be such

as to insure that the waterproofing will be retained by bond, anchorage or other ade-

quate means, in its original position as applied to the surface to be waterproofed.

5. Where waterproofing is subject to possible injury from abrasion, pressure, punc-

ture or otherwise, it should be protected with a substantial covering.

6. Waterproofing should be applied where economically justified, considering the

use and probable life of the structure and the cost of obtaining adequate watertightness

by design and construction.

7. The type of waterproofing should be determined by the use and probable life

of the structure, and the cost of renewal of the waterproofing:

(A) Waterproofing of the most durable and effective type should be used on

permanent structures:

(a) In locations subject to water or other liquids under a hydrostatic head;

(b) Where repair or renewal is impracticable or prohibitive in cost

;

(c) Where certainty of watertightness must be had because of heavy damage if

water enters.

(B) Waterproofing specially designed for the purpose should be used where the

structure must be protected against liquids containing corrosive and/or disintegrating

substances.

8. A waterproofing membrane on the surface adjacent to the water source is the

most effective externally applied waterproofing, but difficulties of application and prohibi-

tive cost may sometimes make consideration of some other method advisable.

9. Surface appHcations on the inner faces of walls for the purpose of waterproofing

against external pressure must derive their effectiveness from bond with the masonry or

from closing the surface pores. Such applications can generally be considered effective

only to prevent seepage under little or no head. Such coatings must be insoluble and

unaffected by dampness.

Dampproofing

1. Dampproofing is effective in preventing the accumulation of surface moisture

from condensation only in proportion to its temperature-insulating value.
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2. Dampproofing will probably not be effective where masonry is subject to mois-

ture saturation accompanied by cycles of freezing and thawing.

3. Ordinary dampproofing is not effective against cracks or openings through the

masonry.

4. A frequent fault of one-coat dampproofing is failure to produce a continuous

covering free from pin holes. This should be considered in deciding upon the number

of coats that should be applied.

5. The purpose and character of dampproofing are not such as to require special

protection or covering. Where protection or covering is necessary, the conditions will

usually warrant the use of waterproofing.

6. A prime requisite of dampproof covering is that it shall stay in place. Bond

with the surface is therefore essential.

7. The selection of materials for dampproofing must include consideration of the

effect of extremes of temperature, the effect of the sun's rays, and the physical and chemi-

cal effects of the liquid to which they will be subjected.

Specific Cases

Abutments, Piers and Retaining Walls

1. On the assumption that effective drainage has been provided, waterproofing on

the back of an abutment or retaining wall is generally not necessary, but dampproofing

should be provided above the footings. Where it is desired to prevent the passage of

water, expansion joints and construction joints should be sealed by metal dams or other

effective means.

Short Single-Span Arches and Box Culverts

2. Short single-span arches and box culverts should be dampproofed on the sur-

faces in contact with the fill.

Pedestrian Subways
3. Pedestrian subways should be waterproofed.

Arches—Long Single Span and Multiple Span with Spandrel Fill

4. Long single-span arches and arches of multiple span with spandrel fill should

be fully waterproofed on all surfaces in contact with the fill, including the parapets.

Precast Slabs for Bridge Decks and Floors

5. (A) Not over Streets or Pedestrian Subways

—

(a) The top surface of slabs and the backs of parapets should be damp-
proofed when used on reinforced concrete pile bents with cast-in-

place reinforced concrete caps, or on concrete piers or abutments.

(b) The top surface of slabs and the backs of parapets should be water-

proofed or dampproofed when set on steel floorbeams, stringers or

girders.

(c) Joints should be calked with oakum up to within 2 or 3 inches

of tops of slabs, the calking extending downward as far as necessary

to close the joints against the flow of the waterproofing material used

to fill the joints. The space above this oakum packing shall then

be filled to the top surface of the slab with plastic joint-filling ma-
terial.

(B) Over Streets or Pedestrian Subways

—

In addition to treatment of joints as in paragraph (b) next

above, the top surface of slabs and the backs of parapets should be

waterproofed.
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Cast-In-Place Concrete Bridge Decks or Floors

6. (A) The top surface of slabs and the backs of parapets should be water-
proofed or dampproofed and the construction joints closed with
metal dams, where the slab is an integral part of the structure, as in

rigid frames or girderless tlat slabs, or where it is the main load-

carrying element, as in simple or continuous slabs, provided it is suf-

ficiently reinforced for both positive and negative moments.

(B) When the slab is supported on steel beams, all construction joints

should be closed with metal dams and membrane waterproofing ap-
plied.

Pump Pits for Subways and Basements

7. Pump pits should be waterproofed or dampproofed on all exterior surfaces.

Pipe Manholes and Pipe Tunnels

8. Pipe manholes and pipe tunnels should be dampproofed or waterproofed on all

exterior surfaces.

\A/ater Containers

9. The walls and floors of water containers, such as reservoirs and tanks, should

be made of dense concrete to insure watertightness. Special attention should be given

to the waterproofing of all joints.

Walls and Floors of Buildings

10. The walls and floors of all buildings subject to hydrostatic pressure should be

waterproofed on pressure surfaces.

If not subject to hydrostatic pressure, all exterior walls should be dampproofed

below ground. Special attention should be given to all joints and to places where pipes

or other facilities pass through walls.

Grain Elevator Pits and Similar Underground Structures

11. Grain elevator pits and similar underground structures should be made water-

tight by design and construction or waterproofed on the e.xterior.

Appendix B

(4) DISCUSSION OF BITUMINOUS EMULSIONS

F. P. Turner, Chairman, Sub-Committee; G. E. Robinson, G. A. Rodman, L. W. Walter,

H. T. Welty.

General Comments

It is the practice of many railroads to coat the tops of concrete slabs, backs of re-

taining walls, bridge abutments, culverts, underpasses, outside faces below ground of

foundation walls for buildings, concrete pump wells, and similar structures, with a damp-

proofing composed of asphalt or coal-tar products. Varying degrees of success have been

obtained by this practice and, in many instances, the results are directly in proportion

to the value of the materials used.

The essential properties that dampproofing materials must possess, in order to prove

successful, are adherence to the walls, and the ability to maintain the original elastic

properties of the film under actual service. It should be understood, however, that not

all bituminous products that are suitable for dampproofing when in contact with earth

will retain their dampproofing properties indefinitely when exposed to outdoor weathering.
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Asphalt emulsions and coal-tar emulsions are being used today in increasing amounts

for dampproofing purposes. An important property of bituminous emulsions is that

they can be successfully applied cold. Hot bitumens can be used successfully for damp-

proofing dry surfaces but are not adapted for use on wet or damp surfaces; emulsions

may under certain conditions be used on wet or damp surfaces.

Materials

Asphalt—In the production of asphalt emulsions, a steam refined type asphalt

somewhat similar to that specified in Section 6 of "Specifications for Membrane Water-

proofing", as printed in the Manual, is generally used, most frequently one having 100

to 200 penetration, though softer as well as harder types are used.

Process of Emulsification—The preparation of bituminous emulsion requires that

a given asphalt or coal-tar pitch shall be broken up into minute particles, in the presence

of water and a very small percentage of suitable emulsifying agent. The bituminous

particles produced by this process must remain in continuous suspension until the water

vehicle has evaporated, after application to surface to be dampproofed.

After the bituminous emulsion has been applied in a thin film, the water vehicle

evaporates and minute suspended particles coalesce into a uniform body of bitumen.

The emulsifying process must not seriously affect the elasticity, pliability, ductility, vis-

cosity or other essential properties inherent in the original bitumen.

In the manufacture of these emulsions various emulsifying agents are being used,

such as certain types of clay finely dispersed, soap and certain chemical agents, some of

which are patented. An emulsion produced from any one emulsifying agent may not be

adapted to all classes of work, but an insufficient amount of information is as yet avail-

able as to the particular conditions or classes of work to which emulsions produced from

the various emulsifying agents are best adapted. There is need for investigation and

experiments along these lines.

Where the dampproofed surface is to be exposed to the sun and weather, it is par-

ticularly important to select a type of asphalt or pitch which service tests have proved

can successfully withstand such exposure. For such installations a thicker layer of damp-

proofing is desirable.

Bituminous Emulsion Containing Fibre—For certain classes of work where

it is desirable to apply a fairly thick film of emulsified bitumen in a single operation, it

is necessary to increase materially the body of the emulsion. This may be effectively

accomplished by incorporating into it varying quantities of asbestos fibre which serves

to prevent sagging and also to toughen the film.

Workmanship

Preparation of Surface—Surfaces upon which bituminous emulsion is to be ap-

plied must be cleaned of dirt, dust or other loose particles. Oils or grease, when pres-

ent, must first be removed by proper solvents and the surface must then be washed with

clean water. Old walls must be scrubbed with a wire brush and it may also be neces-

sary to use a chisel or scraper in order to produce a clean surface upon which the emul-

sion may be spread. Rust or mill scale must be removed from metal surfaces by the

use of wire brush or sand blast.

Where cracks appear in walls, or where walls have disintegrated or are honey-

combed, the surface must be repaired in accordance with specifications for repairing de-

teriorating concrete.

Application or Emulsion—The emulsion should be applied either by means of

spray or a substantial four-inch bristle brush, or mopped on with a three knot brush.
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Emulsion containing asbestos fibre is usually applied by means of a trowel. Each coat

should be allowed to become thoroughly dry before the next coat is applied. After a

coat has dried completely, the dry finger tip firmly pressed into the film and withdrawn

should not cause a clean separation between the bituminous emulsion and the surface upon

which it had been applied.

It is essential that there be complete coverage of the area to be dampproofed and

that the film of emulsified bitumen shall be intact over all without bare spots, blisters

or pin holes.

The number of coats, the amount of material required per coat and the thickness of

the finished film will vary due to dift'erences in the surfaces on which applied, variations

in the characteristics of the different emulsions caused by differences between the emulsi-

fying agents used and to differences in the water content and consistency of the emulsion.

Care must be taken, on the one hand, to apply sufficient material to obtain complete

coverage, and on the other hand, to apply no more material than can, under the con-

dition of service, remain on the surface to be dampproofed, without sagging. The total

thickness of the film may vary from 1/64 in. for the thinner emulsion when applied on

a hard smooth surface and 1/32 in. for the thinner emulsion when applied on concrete

which is not especially smooth, to ^ in. for the heavier asbestos reinforced emulsion.

Opinion as to the amount of emulsion required seems to be divided into two groups:

one, that satisfactory results are obtained by using 2 gallons of emulsion per 100 sq. ft.,

and the other, that it is necessary to use 4 to S gallons per 100 sq. ft.

At the junction between horizontal and vertical surfaces, special treatment, such as

waterproofing membrane, may be necessary.

Temperature—The emulsion must not be applied to frozen surfaces nor allowed to

freeze, either in the containers or after application, until it has set through evaporation

of water. In cold weather, walls must first be dried before emulsion is applied. The

application of emulsion is not successful at temperatures below 45° Fahr. and sufficient

time must be allowed for emulsion to set before temperature drops below 45° Fahr.



REPORT OF COMMITTEE XVIII—ELECTRICITY

J. V. B. DuER, Chairman; R. J. Needham, G. I. Wright, Vice-

D. J. Brumxey, E. H. Olson, Chairman;

J. H. Davis, A. E. Owen, J. M. Trissal,

J. S. Hagan, J. A. Peabody, vV. M. Vanueksluis,
Paul Lebenbaum, H. W. Plnkerton, R. P. Winton,
W. L. Morse, Sidney Withington,

Commiltee.

To the American Railway Engineering Association:

Your Committee was instructed to (a) keep the Association informed of develop-

ments in the appHcation of electricity to railway service, and (b) to present a synopsis

of the current activities of the Electrical Section, supplemented with list and reference by

number of adopted specifications, designs and principles of practice.

Reference is made to the series of reports made by committees of the Electrical

Section, reprinted in full in Bulletin 369, for September, 1934.

A condensed summary of these reports is given below.

SUMMARY OF REPORTS

1. Developments in Application to Railway Service

A comprehensive bibliography of articles appearing in a selected list of technical and

scientific journals of the United States and foreign countries covering period July, 1933,

to June, 1934, forms the basis of this report.

2. Inductive Coordination

Cooperation has been continued with the Edison Electric Institute and the Bell

System. The Committee reports that there have been no further developments on this

assignment since last year's report.

3. Power Supply

This Committee's assignment covers (1) steam and water power available for trac-

tion and general purposes, and internal combustion engine supply; (2) servicing equip-

ment along right-of-way for air-conditioning and pre-cooling of cars, and (3) power
supply in connection with parking of Pullman cars in other than railway service. With
reference to the first subject, the Committee reports on various installations throughout

the United States. On the second assignment, the Committee endorses the recommenda-

tions of the Association of Railway Electrical Engineers.

4. Electrolysis

This Committee sustained the loss of its Chairman, H. A. Currie, Electrical Engineer

of the New York Central Railroad, during the year. Mr. Currie died on June 9, 1934.

The Committee confined its activities to a study of the elimination of the effects of

electrolysis by the use of non-metaUic sheathed cables.

5. Cooperation in Miscellaneous Regulations

Progress is reported on negotiations with the Edison Electric Institute in connec-

tion with the preparation of principles and practices for power wire crossings over rail-

roads, with accompanying specifications.

6. Overhead Transmission Line and Catenary Construction

The Committee reports progress on its assignments.

7. Standardization of Apparatus and Materials

This Committee sul)mittcd for approval Siuxifications for Friction T;ipe for Special

Service, and recommended the latest issue of ASTM Specifications for Friction Tape for

Bulletin 372, December, 1934.
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General Service, Serial Designation D-69, except that the rate of unwinding under the

friction test "shall not exceed 8 inches per minute" in place of 15. The Committee also

submitted for approval Specifications for Rubber Insulating Tape.

8. Electric Heating and Welding
This Committee presented a comprehensive and interesting report on operating ex-

perience with electric snow melters and submitted additional information on electric

welding equipment. *

9. Application of Motors
As last year's report covered the motor field quite thoroughly and as there have been

no new developments in electric motors that would be of special interest, the Committee

reports progress.

10. Clearances for Third Rail and Overhead Working Conductors

This Committee is giving study to a revision of the Manual relating to Clearance

Lines for Equipment and Permanent Way Structures Adjacent to Third Rail and Third

Rail Structures.

11. Protection of Oil Sidings

The Committee has continued its study looking towards an approved recommended

practice for the protection of railroad equipment from danger of fire caused by electric

sparks during the fueling with inflammable liquids of buses, trucks, aeroplanes, rail

motor coaches, and internal combustion locomotives.

12. Specifications for Track and Third Rail Bonds

Committee reports progress on its three assignments.

13. Illumination

This Committee presents certain changes in the Manual, pertaining to incandescent

lamp standards, initial rating tolerances, and schedules of commercial ratings. It also

reports on developments in incandescent lamps, locomotive and train lighting lamps,

and floodlighting of railroad yards.

14. Design of Indoor and Outdoor Substations

This Committee states it has nothing definite to report on its assignments. The

subject of substation design has been covered in comprehensive reports in past years.

15. High Tension Cables

The Committee reports there has been considerable effort at development in new

forms of high tension cable during the past year, but its outcome is a matter of the fu-

ture, and therefore no report is made at this time.

16. Application of Corrosion-Resisting Materials to Railroad Electrical

Construction

This Committee has continued its study of corrosion-resisting materials, and pre-

sents progress reports on the Cedar Hill, Hemphill Tunnel and Lambert's Point tests.

Arrangements are being made to install a set of samples in the Hackensack Meadows in

New Jersey, on the Delaware, Lackawanna & Western Railroad.

17. Form of Power Contract for Large Blocks of Power
This is a collaborating committee, and inasmuch as the reporting organization has

completed its assignment, the Committee asks to be relieved.

The Committee on ELECTRiciry,

J. V. B. DuER, Chairman.
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C. C. Haire, Chairman;
Anton Anderson,
D. L. Avery,
A. M. Blanchard,
E. V. Braden,
G. H. BURNETTE,
E. S. BXJTLER,

W. F. CUMMINGS,
V. H. Doyle,
James Erskine,
P. O. Ferris,

D. E. Field,

W. E. Gardner,

J. H. Hande,

A. T. Hopkins,
W. W. James,
F. C. Kane,
W. R. Kettenring,
C. A. Knowles,
P. R. Leete,
Henry Lehn,
w. m. ludolph,
W. S. MacCulloch,
W. S. McFetridge,
E. W. Metcalf,
A. T. Powell,
H. L. Restall,
F. C. Sharood,

B. A. Bertenshaw, Vice-

Ckairtnan;

Chas. Silliman,

C. K. Smith,
D. W. Smith,
F. X. Soete,

James Stephenson,
H. J. Stroebel,

D. C. Teal,
A. P. Weymouth,
Louis Wolf,
W. H. Woodbury.
A. M. Zabriskie,

Committee.

To the American Railway Engineering Association:

Your Committee respectfully presents herewith reports covering the following sub-

jects:

Group A—Miscellaneous

(1) Revision of Manual (Appendix A).

(2) Bibliography on subjects pertaining to records and accounts (Appendix B).

Progress report.

Group B—General Railway Engineering Reports and Records

(1) Office and drafting room practices (Appendix C). Progress report.

(2) Joint facility records (Appendix D). Complete.

Group C—Maintenance of Way Reports and Records

(1) Recommended practice to be followed with respect to maintenance of way ac-

counts and statistical requirements. Progress in study—No report.

(2) System of reports and records required to budget and control maintenance oi

way expenses (Appendix E) . Progress report.

Group E

—

Property Records and Reports

Methods and forms for gathering data for keeping up-to-date the property record?

of railways with respect to valuation, accounting, depreciation and other requirements.

(1) Valuation (Appendix F) . Progress report.

(2) Accounting and depreciation (Appendix G). Progress report.

Group F—Accounting Practices Affecting Railway Engineering

(1) Changes or revisions in I.C.C. Classification of Accounts (Appendix H). Prog-

ress report.

(2) Methods for avoiding duplication of effort and for simplifying and co-ordinat-

ing work under the requirements of the I.C.C. Progress in study—No report.

The Committee on Records and Accounts,

C. C. Haire, Chairman.

Bulletin 373, January, 1935.
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Appendix A

(1) REVISION OF MANUAL

H. J. Stroebel, Chairman, Sub-Committee; D. L. Averv, B. A. Bertenshaw, E. S. Butler,

W. F. Cummings, C. C. Haire, F. C. Kane, W. R. Kettenring, P. R. Leete, A. T.

Powell, F. C. Sharood, Chas. Silliman, D. W. Smith, A. P. Weymouth.

The Committee offers revised specifications for preparation of maps and profiles in

substitution of that portion of the 1929 Manual commencing at the middle of page 731

under the heading "Maps, Charts and Profiles", and continuing to the end of the second

line on page 740. The revision of the specifications for maps is made in order to bring

them into line with present-day requirements of railroads and with the new map order

of the Interstate Commerce Commission, Second Issue, dated November 25, 1932, effec-

tive January 1, 1933, which reduces the requirements as to maps to be prepared by the

railroads. As the railroads require additional information than is mandatory for valua-

tion maps, it was necessary to keep that fact in mind when revising the specifications.

SPECIFICATIONS FOR PREPARATION OF MAPS AND PROFILES

I. General

Intent

In order that the requirements and interests of the Railway Carriers be best served,

and that the needs of the Interstate Commerce Commission be provided for, it is neces-

sary to prepare certain maps and profiles of the property and have available methods of

reproducing copies thereof to meet the requirements and demands as occasions arise.

II. Maps Required

1. Classes and Titles

Two general classes of maps shall be made by the carriers, viz:

(a) Right-of-Way and Track Maps.
(b) Station Maps.

2. Description and Purpose

The Right-of-Way and Track Maps shall be a true horizontal projection of the

right-of-way, tracks and other structures. The maps shall be made of materials of

standard and durable quality, using conventional symbols and plain lettering.

Station Maps shall be made when necessary to supplement the right-of-way and

track maps at terminals or other locations where the properties of the carriers is so ex-

tensive and complicated that full and complete information cannot be shown on the

regulation Right-of-Way and Track Maps.

3. Size of Sheets

The maps shall be made on sheets 24 X 56 inches. A plain single line border shall

be drawn on each sheet, dimensions inside of which shall be 23 X 55 inches. When more

than one sheet is required to show the property, the maps shall be made upon "matched

marked" sheets in such manner as to require the minimum number of copies.

4. Scales

The Right-of-Way and Track Maps shall be made on a scale of 1 inch equals 100

feet, 200 feet, or 400 feet, as the importance of the maps may warrant.

The Station Maps shall be made on a scale of 1 inch equals 100 feet, or in compli-

cated situations 1 inch equals 50 feet.
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5. Arrangement of Data

The Maps shall be made with the zero or lowest numbered station at the left side of

each sheet and shall be platted continuously from left to right. Where the use of this

method would involve the abandonment of established survey station numbers of a

railway, the platting may be done in such a way as to preserve them, provided the maps

for any given main line or branch are continuous in same direction between termini of

main line or branch. The general direction of the center line of track shall be as nearly

as possible parallel to and half way between the long sides of sheets, so that the maximum
space each side of platted right-of-way lines may be available for showing adjacent

topography and property lines and for delineation of such other features as deemed

necessary and pertinent. The maximum length of main line roadway, represented on any

one sheet of Right-of-Way and Track Maps between "match marks" shall generally be

1 mile, if scale is 1 inch equals 100 feet, 2 miles if scale is 1 inch equals 200 feet, and 4

miles if scale is 1 inch equals 400 feet.

6. Cardinal Points

On all maps an arrow showing the true north and south line (as nearly as can be

ascertained from existing records), shall be placed. This arrow shall not be less than

3 inches in length and shall have the letter "N" marked as its north end.

On each end of each sheet there shall be shown a pointer directing to a terminal or

important station.

7. Indexing

All Right-of-Way and Track Maps sheets shall be numbered serially, beginning with

sheet 1. The sheets representing valuation sections shall form separate series, and the

valuation sections shall be numbered serially with the letter "V" preceding the number.

Index numbers shall be in lower right-hand corner of the sheet and inclosed in plain,

single line circle 1 inch in diameter. Valuation numbers shall be in .the upper half of

circle and sheet number below with a straight line between.

The Station Maps shall be given the same serial number preceded by the letter "S"

as the sheet of the Right-of-Way and Track Map which they supplement.

In case a Right-of-Way and Track Map sheet is supplemented by more than one

Station Map, a subscript letter should be used after the number, e.g., S 32a, S 32b, etc.,

where land and track features are combined; S-L 32a, etc., where land only is shown;

and S-T 32a, etc., where the track features only are shown.

On the Right-of-Way and Track Map sheets reference to all Station Maps shall be

shown by outlining limits of Station Maps and giving the number of the Station Map
Sheets.

8. Title

The Title shall be placed as near the lower right-hand corner as practicable. The

following information shall be given therein:

(1) Class.

Right-of-Way and Track Map.
Station Map.

(2) Corporate name of the railway.

(3) Name of operating company.
(4) Name of railway division or branch line.

(5) Beginning and ending survey station numbers on sheet.

(6) Scale or scales.

(7) Date as of which maps represent the facts shown thereon.

(8) Office from which issued.
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9. Certification

A certificate in legal form as to the correctness of all maps shall be executed and shall

accompany such maps when submitted to the Interstate Commerce Commission.

10. Right-of-Way and Track Maps
On these maps the following data shall be shown:

(a) Boundary lines of all rights of way, regardless of how acquired.—The term

"right-of-way" as herein used includes all lands owned or used by the carrier for com-

mon carrier purposes. Show width of right-of-way in figures at each end of the sheets,

and at points where a change of width occurs with station and plus of such points.

Where known, boundary lines and dimensions of each separate tract acquired shall be

shown. A schedule of land acquisitions for the lands embraced on each sheet shall be

shown giving custodians reference, the name of grantor and grantee, kind and date of

instrument of title. Each separate parcel acquired shall be serially numbered on the

sheet and the corresponding number shall appear in the schedule reference. Where space

is available this schedule shall appear on the sheet to which it applies. In terminal loca-

tions or complicated situations where space on the sheet is not available, a separate

schedule sheet properly referenced shall be prepared to contain the information. The

schedule shall include leases to the Company, franchises, ordinances, grants and all other

methods of acquisitions.

(b) Boundary lines of detached lands.—The term "detached lands" as herein used

includes:

(1) Lands owned or used for purposes of a common carrier, but not adjoining or

connecting with other lands of the carrier.

(2) Lands owned and not used for purposes of a common carrier, either adjoining

or disconnected from other property owned by the carrier.

Show: Boundary lines and dimensions where known; distance and bearing from

some point on the boundary line to some established point or permanent land corner,

where practicable, and separately on the schedule above, the lands not used for purposes

of a common carrier.

(c) Intersecting property lines of adjacent landowners.— Where known show:

The property lines of adjacent landowners, the station and plus of important inter-

sections of property lines with center line of railway or other railway base line, and tlie

names of owners of the land adjacent to the right-of-way.

(d) Intersecting divisional land lines.—Where known show: Section, township,

county, state, city, town, village or other governmental lines, with names or designa-

tions; the width and names of streets and highways which intersect the right-of-way;

and the approximate station and plus at all such points of crossing or intersections with

center line of railway or other railway base line.

(e) Division and subdivision of lands beyond the limits of the right-of-way.

—

Where known show: The section and quarter section lines for a reasonable distance on

each side of the center line or base line of railway where the land has been subdivided into

townships and sections; such data as to divisions, tracts streets, alleys, blocks and lots,

where the land has been divided in some other way than by sections; the distance, where

known, from the railway base line to permanent land corners or monuments; and the base

line from which the railway's lands were located (center line of first, second, third, or

fourth main track or other base line).

(f) Alinement and tracks.—Show: The center line of each main and sidetrack

when such tracks are outside the limits covered by the Station Maps and center line of

each main track also inside Station-Map limits; the length, in figures, of all sidetracks
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from point of switch to point of switch, or point of switch to end of track; all other rail-

ways, crossed or connecting, and state if crossing is over or under grade, and give name of

owner of such tracks; survey station number at even 1,000 scale-feet intervals, and sta-

tion and plus at points of all main line switches at points of curves and tangen.s and at

beginning and ending points on each sheet; also the degree and central angle of main line

curves:

(g) Improvements.—Show: Important facilities in general outlines and give station

and plus thereof.

(h) Topographical features.—Where practicable show: Water courses, highway

crossings, etc. Give names where known, and when highway crossings are over or under

grade so state.

11. Station Maps

The purpose of the large scale Station Maps is to permit the showing of improve-

ments in more detail than is practicable on the right-of-way and track map.

Where the station property to be mapped is extensive and complicated, it shall be

delineated on two separate maps.

(1) Shall show all data relating to ownership of lands.

(2) Shall show all tracks and structures and external land boundaries.

Where practicable, without sacrificing the clearness of the map, the two may be

combined into one map.

Show all information set forth under items (a) to (h), inclusive, of section No. 11,

when inside of Station-Map limits.

Tracks shall be represented on Station Maps either by center lines or by rail lines.

III. Profiles Required

1. Description and Purpose

The profile shall be a vertical sectional view on center line of track (or other base

line) on an exaggerated vertical scale, and shall show the features of the railway track

substructure and superstructure which can be readily indicated in vertical projection.

Show elevation of normal surface of water in rivers and streams and maximum flood

stage elevation. All elevations to refer to U. S. Geological Survey Datum or other Gov-

ernment precise level, bench marks based on sea level datum. The following data shall

be placed on all profiles.

(a) Roadway. Show: The vertical projection of the original ground surface on

center line of railway; present grade line (top of the roadbed subgrade) ; rates of grade;

elevations (sea-level datum) at all points of change of grade, and where profile is

"broken" at 50 foot (scale) intervals; and the station and plus to points of change of

grade and station numbers at each 1000-foot (scale) interval.

(b) Structures. Show: Bridges, trestles, culverts, retaining walls, tunnels and other

roadbed structures in vertical projection, stating the kind and general dimensions by fig-

ures; average depth of penetration of piling in each bent of trestles, or under other struc-

tures, by vertical projection; character of, and depth of foundation bed of masonry

structures by vertical projectional; reference to railway file numbers of the detail stand-

ard or specbl plans by which the structures were built ; existing mileposts and the station

and plus of each of the above indicated improvements.

(c) Quantities. Where the information is available Profiles may show for each

mile a summary of construction quantities to subgrade, including roadway, bridges and

culverts.
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The summary of quantities shall be in detail, according to the standard classification

of units used by the Company.

(d) Alinement and Track. Show: On the lower 2]/2 inch space of the profile the

center line of each main track, developed into straight line or lines, with alinement notes

of curves stated in figures; the station and plus at points of curves and tangents, and
other data, such as passing tracks, depot buildings, water and fuel stations, highway
crossings, railway crossings and important water courses that will assist in interpreting

the profile. For platting transversely, a scale of one inch equals 200 feet shall be used.

COMPREHENSIVE REVIEW OF MANUAL

The Committee during the year has given consideration to instructions issued on

April 26th and May 12th that a thorough review of the Manual should be undertaken.

The instructions stated that comments had been made that "The Manual lacks being

up-to-date . . .". It was further stated that—

(a) It is incomplete.

(b) It contains obsolete material.

The section of the Manual devoted to Committee XI contains various texts, forms,

records, etc., pertaining to other standing committees, and the sections of the Manual de-

voted to the work of the various standing committees contain text, records, forms, etc.,

that might be included under the section devoted to Committee XI. There is no uni-

formity or fixed rule concerning where forms and records should lodge in the Manual;

consequently, the situation is somewhat confused and inconsistent in this respect.

The Committee on Revision of the Manual has concluded that pending the receipt

of definite instructions from the Board of Direction, it should determine from each stand-

ing committee the following:

1. What fundamental or basic forms and records essential for the character of work
relating to Committee—should now be designed to complete the Manual.

2. What forms, records, etc., in the Manual, relating to the work of Committee

—

are obsolete and require revision.

If each standing committee will make a thorough survey of the principal or basic

forms and records and submit a list, then it should devolve on Committee XI to design

the forms and/or records, secure comments, criticisms and final approval. Similar to the

procedure of certain other organizations, it is proposed that there be gathered in one

place in the section of the Manual devoted to Committee XI, all records and forms,

properly numbered and indexed.

Action Recommended

1. That the revised specifications for Preparation of Maps and Profiles be accepted

as information.

2. The proposal concerning the scope of work of Committee XI in the development

of all forms and records is offered as a recommendation.
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Appendix B

(A-2) BIBLIOGRAPHY ON SUBJECTS PERTAINING TO
RECORDS AND ACCOUNTS

A. P. Weymouth, Chairman, Sub-Committee; E. V. Braden, C. K. Smith, H. J. Stroebel,

D. C. Teal, W. H. Woodbury.

The method followed in compiling this bibliography for the current year was similar

to that of previous years. Each member of the Sub-Committee was assigned certain

periodicals to review and report on important articles, and any new books and docu-

ments of interest.

The following is submitted as a bibliographical review covering the period from No-

vember, 1933, to October, 1934, inclusive.

BIBLIOGRAPHY
I. Books

Proceedings 1933, National Association of Railroad and Utilities Commissioners at

Cincinnati, October 10 to 13, 1933.

Published by The State Law Reporting Co., 30 Vesey St., N.Y.

The American Railroad in Laboratory, Vol. IL—Saving Life and Limb.

Published by American Railway Association, September, 1934.

Engineering Drawing Practice in Australia.

Published by the Institution of Engineers, Melbourne, Australia.

(Reviewed by D. L. Avery in A.R.E.A. Bulletin 366, June, 1934).

Civil Engineering Handbook, L. C. Urquhart, Editor-in-chief.

Published bv McGraw-Hill Book Co. First Edition 1934.

(Reviewed in A.R.E.A. Bulletin 367-68, July-August, 1934).

II. Periodicals and Reports

(a) General Railway Situation
Survey of Current Business. Monthly report and annual supplement pub'ish-d

by U.S. Department of Commerce, Bureau of Foreign and Domestic Con.

merce, giving useful data on construction costs, railroad emp'oyment and

volume of business.

Business and Transportation. Nation's Business, December 1933, p. 61.

France Solving Rail Problems. Literary Digest, December 16, 1933, p. 40.

A reorganization program in France, which calls for the consolidation of

a number of lines, reduction of the Government tax, and the establishment

of more liberal operating conditions.

The Future of the Railroads, Literary Digest, June 14, 1934.

Coordinator Eastman's address in New York City advises the railroads to

avoid cut-throat competition and advocates better management, opera-

tion and centralization.

Transportation Legislative Program in preparation for consideration at the next

session of Congress to put in effect recommendations of Coordinator East-

man. Railway Age, September IS, 1934, p. 323.

Railroad Future Discussed by Coordinator Eastman. Railway Age, Octo-

ber 13, 1934, pp. 444-46.

Abstracts of two addresses in Chicago on October 10th. Urges Govern-

ment loans, regulation of all carriers, reorganizations, elimination of sub-

sidies, and discusses possibilities of terminal unification.

(b) Valuation
Railroad Construction Indices. A pamphlet report compiled by the Engineer-

ing Section, Bureau of Valuation, Interstate Commerce Commission, Janu-
ary 19, 1934. (Issued May, 1934). Covers the period 1915 to 1933, in-

clusive, based on studies made by the Engineering Section. These indices

are of value as indicating trends, but are not necessarily applicable in deter-

mining reproduction costs upon individual railroads.
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Decision rendered July 9, 1934, in I.C.C. Docket 25, 170, in re-Atlantic Coast

Line R.R. and Atlantic, Birmingham and Coast R.R., concerning account-

ing for capital items. A pamphlet published by the Government Printing

Office. This is a decision of the Commission requiring the scaling down of

the investment account in accordance with the actual cost of the property

to the purchasing carrier.

(c) Accounting
Stores Expense. A subject for standardization.

Railway Age, February 10, 1934.

Depreciation. A review of legal and accounting problems. By the Staff of

the Public Service Commission of Wisconsin. Published by the State Law
Reporting Company, 30 Vesey Street, New York City, 196 pages with

numerous charts. This report emphasizes straight-line depreciation and
indicates legal doctrines directly affecting the subject of depreciation.

Appendix C

(B-1) OFFICE AND DRAFTING ROOM PRACTICES

D. L. Avery, Chairman, Sub-Committee; A. M. Blanchard, G. H. Burnette, P. O. Ferris,

D. E. Field, C. A. Knowles, W. M. Ludolph, D. W. Smith, D. C. Teal, A. P. Wey-
mouth, Louis Wolf, A. M. Zabriskie.

The Committee has continued its work during the year in further development of

the subject and offers as information seven sheets, No. 1 to 7, inclusive, as follows:

Sheet 1—Size of Drawing Sheets.

Sheet 2—Basis of Sizes.

Sheet 3—Cutting Sheets from Rolls of Tracing Cloth.

Sheet 4—Standard Title.

Sheets 5 and 6—Types and Thickness of Lines.

Sheet 6—Standard Lettering.

Sheet 7—Arrangement of Views.

The exhibits have been prepared as a part of the program of assembling a complete set

of standards for drawing and drafting room practice and this same information is being

used in discussing the railway engineering viewpoint with the American Standards Asso-

ciation's Sectional Committee on "Drawings and Drafting Room Practice" (ASA Project

Z 14) and "Graphic Presentation, Standards for" (ASA Project Z 15).

Action Recommended

The Committee recommends that the report be accepted as information.
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TYPES AND THICKNESSES OF LINES
®

HEAVY

OUTLINE OF PARTS AND BORDER LINES OF SHEETS.

LIGHT

DIMENSION LINES, PROJECTION OR EXTENSION LINES FOR
DIMENSIONS. CROSS HATCHING AND POINTER LINES.

MEDIUM

HIDDEN OUTLINES.

LIGHT

CENTER LINES.

HEAVY

COURSES OF SECTIONING PLANES.

HEAVY

-^^ LIGHT
-Y-

CUTTING PLANES OR BROKEN OUTLINES.

M EDIUM

ADJACENT PARTS AND ALTERNATE POSITION

MEDIUM_ __
INDICATION OF REPEATED DETAIL.

SERIES A

2
3

4
5

7 •

8

-^ -^

20
10

15

10

20
20

10

15

15

SERIES C

7

6

SERIES E

SERIES B

SERIES D
60

25
40
20
60
60

25
40
40

2
3

4
5

7

e

"V^ "V^

80

30
55

30
80
80
30

55
55
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TYPES AND THICKNESSES OF LINES CONT
NOTE:- THICKNESSES OF LINES AS SHOWN ARE FOR DRAWINGS
WHICH ARE TO BE REDUCED . IF DRAWING IS NOT TO BE REDUCED,
WEIGHTS AS SHOWN UNDER SERIEsVaND SERIEs"b"mAY BE USED.

THE WEIGHT OF STROKE OF LETTERING SHALL CONFORM TO
THE FOLLOWING FOR REDUCTION DRAWINGS;

TITLE BLOCKS NO. I OF THE VARIOUS SERIES.
SUBTITLES " 3 " " "

NOTES " 2 " " "

IF DRAWING IS NOT TO BE REDUCED . WEIGHT OF STROKE OF

LETTERING SHALL CONFORM TO THE WEIGHT OF LINES OF THE
DRAWING.

ALL WEIGHTS ARE SPECIFIED IN THOUSANDS.

LETTERING

"2 i^ 4Cj>»?» J.
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LETTERING' the objective should be to provide distinct,

UNIFORM LETTERS AND FIGURES WITH REASONABLE RAPIDITY.

SINGLE STROKE COMMERCIAL GOTHIC LETTERS AND FIGURES
SHOULD BE USED THE ABOVE ALPHABETS INDICATE PROPER STROKES

VERTICAL STYLE IS PREFERABLE FOR STANDARD DRAWINGS ,

GENERAL TABLES^ FORMS, AND WORK WHICH REQUIRES A MORE FIN-

ISHED APPEARANCE.
THE INCLINED STYLE ^SLOPE OF 2 IN 5) IS PREFERABLE FOR

WORKING DRAWINGS, FIELD WORK, AND GENERAL LETTERING WHERE
SPEED IS AN IMPORTANT REQUISITE

ALL FRACTION LINES SHOULD BE HORIZONTAL.
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ARRANGEMENT OF VIEWS
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Appendix D

(B-2) JOINT FACILITY RECORDS

B. A. Bertenshaw, Chairman, Sub-Committee; Anton Anderson, D. L. Avery, E. V.

Braden, E. S. Butler, V. H. Doyle, James Erskine, C. C. Haire, J. H. Hande,

A. T. Hopkins, W. M. Ludolph, E. W. Metcalf, W. S. McFetridge, James Stephenson.

This subject was re-assigned this year. Last year the Committee presented a report

embracing

—

(a) Appraisal Methods and Records for keeping up-to-date.

(b) Maintenance and Operation Reports and Records.

(c) Effect of Depreciation Accounting.

The Committee now presents, as supplemental to the forms included in last year's

report, an additional form—Exhibit No. 1, entitled "Joint Facilities—Register of Re-

curring Accounts". The purpose of this form is to provide a running record of bills or

vouchers paid or rendered and to enable the person in charge to tell at a glance whether

the bills or vouchers are in arrears or have been paid.

The form is 11 in. X 17 in., the upper part being arranged to show general infor-

mation regarding the Joint Facility, such as the location, name of interested parties, na-

ture of facility, a short synopsis of and number of the agreement. The lower part of the

form is designed to show for each month the voucher or bill number for maintenance and

operation and for rental. The amounts for rental have been assigned a separate column

for the reason that on some roads this is paid at different times and on separate vouchers

from the maintenance and operating expenses. In the column under "Voucher or Bill

No." each major horizontal space has been divided into two minor horizontal spaces. In

the upper minor horizontal space will be entered the voucher or bill number correspond-

ing to the amount entered in the second vertical column, while in the lower minor hori-

zontal space will be entered the voucher or bill number corresponding to the amount in

the third or last vertical column under each year.

The Committee recommends that the report be accepted as information, and the

subject discontinued.
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Appendix E

(C-2) SYSTEM OF REPORTS AND RECORDS REQUIRED TO BUD-
GET AND CONTROL MAINTENANCE OF WAY EXPENSES

A. T. Powell, Chairman, Sub-Committee; Anton Anderson, G. H. Burnette, E. S. Buthr,

W. F. Cummings, James Erskine, P. O. Ferris, W. E. Gardner, W. S. McFctridge,

C. K. Smith, D. W. Smith, F. X. Soete, Louis Wolf, A. M. Zabriskie.

This subject was first assigned in 1931. A progress report was made in 1932 and was

published in the Proceedings, Vol. 33, pages 587 and 588. In 1933 an outline of the

principal reports required was presented and was published in the Proceedings, Vol. 34,

pages 237 and 238.

Forms for analyzing expenditures for assistance in controlling expenditures are con-

tained in the 1929 Manual, pages 767 to 769, Exhibits 16 and 17, pages 786 and 787.

In drafting the forms herewith submitted for budgeting and controlling maintenance

of way expenses it was believed that the first essential requirement was a detailed tabu-

lation by the Division Engineer of the forces and materials he considers are required to

properly maintain the railroad. This tabulation should also include other items of ex-

pense and a statement of AFE work which it is proposed to undertake. With these de-

tails the Superintendent and other superior officers are able to visualize the program in

that they can see the number of men to be worked, the hours they are to be worked, the

materials and work train service that will be required, and also expenditures pertaining

to AFE work. For any budget system to be workable it is of great importance that

those preparing the figures should have a clear conception of the source of all charges

and be able to anticipate what expenditures will affect the maintenance of way and

structures budget and particularly understand the distinction between those expenditures

chargeable to Capital, Maintenance of Way and Structures, Maintenance of Equipm nt,

and other accounts.

It was believed that there was no great necessity for breaking down the total money

requested by I.C.C. primary accounts. To arrive at the total it is necessary to deal with

the elements of expense as provided for on the forms submitted and to further split this,

by I.C.C. primary accounts would unduly complicate the procedure. There seems to be

no necessity to approximate how a track gang's time will be split between some eight

primary accounts and how a bridge and building gang's time will be split between some

thirteen primary accounts when this can be simplified by merely handling track depart-

ment and bridge and building department labor as two single items, or if desired the

forms could be altered to show separation within a department for different classes of

work. A system of budgeting by I.C.C. primary accounts showing the details of labor,

material and other items of expense for each primary account is believed to be entirely too

complicated and unwieldy and any system of budgeting listing money by I.C.C. p imary

accounts which is unsupported by substantiating detail would be of little value. While

it is true that the final recording of the actual expense is made by I.C.C. primary ac-

counts, it is believed that the labor involved to tabulate the actual expense as required

on the comparative statement submitted (Exhibit 3) is not of great magnitude.

Attention is also called to the fact that when and if the new proposed I.C.C. Classifi-

cation of Accounts is issued, some alterations may be required to control the installation

of ties, rails and track material, etc., which under the new classification will be charged to

Capital Account. The system of budgeting submitted allows for equalization of expenses

and depreciation accruals, although these features can be eliminated without affecting the

balance of the system.
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The system submitted is for the forecast of the following month's expense together

with a check of the actual expenditures after the close of the month's accounts, but the

same forms can be used for the forecast of the following year's expense together with a

check of the actual expenditures for the year.

The Committee, after studying the present day practices of carriers and the form.-

now included in the Manual have developed three forms. Exhibits 1 (two sheets), 2 and 3.

The forms have been devised for a divisional maintenance of way organization, but with

slight alterations they can be used by a departmental maintenance of way organization.

The general plan of dealing with expense of the Maintenance of Way and Structures

Department is that the Division Engineer after conferring with the Supervisors prepares

and submits to the Superintendent on the 15th of the month the above exhibits showing

the work it is proposed to undertake during the succeeding month. After being approved

by the Superintendent they are furnished in triplicate through the General Superintend-

ent's office to the Engineer Maintenance of Way on the 2Cth of the month, the General

Superintendent summarizing the divisions requests and adding thereto expenses to be in-

curred by his office, and those departments not coming under the jurisdiction of the

Division Engineer, such as Telegraph & Telephone, and Supervisors of Motor Cars and

Work Equipment. The Engineer Maintenance of Way then prepares his recommenda-

tions including therein expense to be incurred by his office and submits them to the Gen-

eral Manager on the 24th of the month for authorization.

As soon as the Engineer Maintenance of Way has been advised what he will be per-

mitted to expend in this particular month, a conference is held at the office of the Engi-

neer Maintenance of Way, which meeting is attended by the General Superintendent and

District Engineer of the grand district, and all of the Superintendents and Division Engi-

neers within such grand district, at which time a general discussion is conducted in which

Division Officers are encouraged to express freely their views and recommendations cover-

ing the work at hand. At this meeting the Engineer Maintenance of Way and General

Superintendent decide upon the expenses, which, in their judgment, are necessary and

advisable. In case all the expenditure requested has not been authorized, the amount

of money to be spent is redistributed between the Bridge, Building, Track, Water Service

and other departments where most needed.

The value of these meetings and the discussion of the work are manifold:

It enables the General Superintendent and District Engineer to obtain informa-

tion bearing upon the condition on each Division that could not be easily obtained

in any other way, and provides for the monthly appropriation to be expended to

the best advantage.
It provides a means for a better control of practice on the various Districts and

Divisions, and may prevent the use of extravagant methods on lines where the

character or quantity of business would not justify as high a class of railroad as on

more important lines.

It assists in formulating plans for carrying on the work in a quick and thorough

manner, which could not be so well accomplished by correspondence, and minimizes

to a very great extent letter writing and the making of reports.

It is of great value to the Division Officers in encouraging them to express the'r

views and opinions about this very important feature of the work. It strengthens

them in their responsibility towards the proper maintenance of their territories, makes
them feel that their views are worth considering, and brings them in closer contact

with the General Officers.

The monthly allotment decided upon is given the Division Officers at this expense

conference, and the Superintendent and Division Engineers on reaching their headquar-

ters call a conference of their Supervisors. The expenditures are divided in an equitable

manner, each Supervisor being given a definite allowance of men and material covering

the monthly period.
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The supervisors in turn advise their respective foremen of their allotment of men and

material for the month, and in order to regulate the appropriation, the foremen daily

furnish their Supervisors with a statement of the amount of force and material used on

the work under their jurisdiction. The Supervisors consolidate these reports and for-

ward them to the Division Engineer, with the result that the Division Officers have im-

mediate knowledge of total expenditures to date.

When extraordinary conditions arise during the month, such as washouts, wrecks,

snowstorms, and the like, the practice is to have the Division Superintendents, through

their General Superintendent, advise the Engineer Maintenance of Way just how much

additional allotment is required. If this extraordinary expense is found extensive, the

Engineer Maintenance of Way orders retrenchments on various Divisions of the System in

order to offset the extraordinary charges.

After the accounts are closed for the month, the Division Engineer prepares this ex-

hibit together with a detailed statement of explanations for the increases and decreases,

forwarding same to Superintendent. These are then furnished in triplicate through the

General Superintendent's office to the Engineer Maintenance of Way, the General Super-

intendent summarizing the divisions' performances and adding thereto the expenses in-

curred by his office, and those departments not coming under the jurisdiction of the Divi-

sion Engineer such as Telegraph and Telephone and Supervisors of Motor Cars and Work
Equipment. The Engineer Maintenance of Way summarizes the districts' performances

including therein expenses incurred by his office, and this final report is then submitted

to the General Manager.

The Committee recommends that the report be accepted as information and pub-

lished in the Proceedings, and the subject continued.
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S'A'xi^' EXHIBIT N9 I (SHEET l)

NORTH a SOUTH R.R. (sheet I OF 2)

MAINTENANCE OF WAY & STRUCTURES DEPARTMENT

Proposed Budget Program for Month op

Division

.193.

Supervision, including Clerks
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8'/:"- li" EXHIBIT N° I (SHttiT 2\

NORTH a SOUTH R R.

MAINTENANCE OF WAY & STRUCTURES DEPARTMEfJT
Proposed Budget Program for Month of

-Division

^t^T ? Of ?)

_I93_

MATERIAL FOR
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3Vii"xl3'

NORTH a SOUTH R.R.

MAINTENANCE OF ^VAY a STRUCTURES DEPARTMENT

Estimated Charges por AFE Wobk for Month of 193

Division

Af.E
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Q'k "M3" EXHIBIT N?3

NORTH a SOUTH RR
MAINTENANCE OF WAY & STRUCTURES DEPARTMENT

Comparison of Actual with Estimated Budget Program for Month of

. . Division

J93_
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Appendix F

(E-1) METHODS AND FORMS FOR GATHERING DATA FOR
KEEPING UP TO DATE THE PROPERTY RECORDS OF RAIL-

WAYS WITH RESPECT TO VALUATION, ACCOUNTING, DE-
PRECIATION AND OTHER REQUIREMENTS

(1) Valuation

C. A. Knowles, Chairman, Sub-Committee; B. A. Bertenshaw, V. H. Doyle, P. O. Ferris,

W. E. Gardner, A. T. Hopkins, W. W. James, F. C. Kane, W. R. Kettenring, P. R.
Leete, E. W. Metcalf, W. S. MacCulloch, A. T. Powell, H. L. Restall, James
Stephenson, H J. Stroebel, Louis Wolf, W. H. Woodbury.

At the convention of last year reference was made, by this Committee, to a report

then under preparation by the Committee on \'aluation Accounting of the Railway Ac-

counting Officers Association relative to the preparation of returns to Valuation Order

No. 3. Subsequently, the report was completed by that Committee and presented to

and adopted by the Railway Accounting Officers Association in convention at White

Sulphur Sprmgs, W.Va., on June 27, 28, and 29, 1934. The report includes illustrative

completion reports and returns on B.V. Form 588 which have been approved by the

Bureau of Valuation of the Interstate Commerce Commission as representative of the

minimum requirements of the Bureau. The report is of value as an aid in attaining

simpUfication in the preparation of returns to Valuation Order No. 3, and, therefore, is

included in Exhibit 1 of this report of your Committee as information.

It will be noted from paragraph 14 of the Descriptive Statement in Exhibit 1 that

the report of the Railway Accounting Officers Association does not include any illustrative

form for reporting changes in equipment, and suggests the practicability of making a

combined equipment completion report, record of property changes, and the sub-schedule

B in B.V. 588 returns. Your Committee believes that such a combined record is prac-

ticable, and, accordingly, presents in Exhibit 2 hereof, two forms, A and B, for ac-

complishing this purpose. It is believed that in general these forms can be posted direct

from existing accounting records and reports, and constitute the only equipment record

needed to meet the requirements of Valuation Order No. 3 and its Supplements.

The items of cost to be entered upon the forms may be summarized for any year,

or period of years, and for each "inventory group", upon the last of each series of sheets.

The returns on B.V. Form 588, specified in Supplement No. 5 to Valuation Order No. 3,

can then be prepared direct from this summary. Furthermore, as indicated in the fore-

going, the use of these suggested forms would make it unnecessary to prepare Sub-

schedule B of B.V. Form 588.

Forms for the reporting of equipment, similar to those here presented, are now in

use by a few carriers, under approval of the Bureau of Valuation. If, however, a car-

rier desires to use these suggested equipment forms, approval thereof should be obtained

by application to the Bureau.

In connection with the subject of V^aluation Order No. 3, it is proper to here call

attention to the Order of the Interstate Commerce Commission, dated April 6, 1934,

amending Section 17 of Valuation Order No. 3, the said amendment being effective

April 15, 1934. Under this amendment the cost of labor and materials need not be

shown separately upon Completion Reports. In the original Order this separation was

required.

It is recommended that this report be accepted as information.
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Exhibit No. 1

First

EXTRACT FROM REPORT OF COMMITTEE ON VALUATION ACCOUNTING

Railway Accounting Officers Association

Fiftieth Report

Subject : Illustrative Completion Reports and 588 Returns Representing Minimum
Requirements of I. C. C. Bureau of Valuation.

At a meeting in Chicago on August 29, 1933, of the Committee on General Ac-
counts, the Director of the Bureau of Valuation of the Interstate Commerce Commis-
sion, the Hon. E. I. Lewis, made certain suggestions looking toward a modified interpre-

tation of the requirements of Valuation Order No. 3, or a simplified method of prepar-
ing returns to that Order.

In pursuance of those suggestions, the Committee on Valuation Accounting was as-

signed to a study of this matter, and as a result thereof has prepared illustrative com-
pletion reports and returns on B. V. Form 588 for typical property changes. The Com-
mittee has also prepared a descriptive statement in explanation of the illustrative reports

and a form of summaries of costs suggested for use in returns on B. V. Form 588.

These illustrative reports, the descriptive statement, and the form of summaries repre-

sent the minimum requirements of the Bureau of Valuation, and their circularization,

under such representation among the members of this Association, is made with the
approval of that Bureau. The descriptive statement, a copy of these reports, and a
copy of the summaries are, therefore, shown hereinafter as information and as aids in

attaining simplification in the preparation of returns to Valuation Order No. 3.

It is understood that a carrier may, in the interest of economy of time and expense,
and upon application to and approval by. the Director of the Bureau of Valuation, make
a consolidated report for a prior period of years for which the returns have not been
submitted, instead of yearly reports.

As set forth in paragraph (13) of the descriptive statement submitted with this

report, it is not intended that the presentation of the minimum requirements of the
Bureau in the illustrative reports should preclude any carrier from requesting the
Bureau for approval of any further short-cuts which may be devised. The Bureau, in
the administration of its work in connection with the Valuation Order No. 3 reports,

is desirous of assisting carriers in a reduction of the cost and labor of preparing those
reports. Therefore, it is recommended that individual carriers, with special problems
which may not be covered by the illustrative reports, submit proposals for simplification

to the Bureau of Valuation.

It is hoped that the effort made toward simplification of these reports will enable
them to be maintained on a current basis and to serve the corporate and accounting
requirements of the carriers and the requirements of the Bureau of Valuation.

DESCRIPTIVE STATEMENT

Relative to Illustrative Completion Reports and 588 Returns

(1) The accompanying completion reports and returns on B. V. Form 588 relate

to two roadway projects, both hypothetical, and have been prepared to illustrate gen-

erally the requirements of Valuation Order No. 3 and Supplements Nos. 4 and 5 there-

to, in respect of such reports and returns; also taking into consideration the coordina-

tion of the valuation requirements of the Bureau and the corporate accounting require-

ments of the carriers, for the purpose of reducing the volume of work and expense of

recording and reporting changes in physical property and their related costs.

(2) The references herein made to Valuation Order No. 3 and to Supplements

Nos. 4 and 5, relate to Valuation Order No. 3, Second Revised Issue, effective January 1,

1919, as amended, in respect of Section 17 thereof, said amendment being effective

April 15, 1934, and revised Supplements Nos. 4 and 5, both effective January 1, 1933.
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(i) The provisions of Supplement No. 4, in a number of instances, permit a choice

between two or more kinds of unit designations. In the illustrative reports a selection

necessarily had to be made between the optional units, but the use of the particular kind

of unit shown in these reports is not to be construed as a recommendation^ for the use

of that unit in preference to any of the other units, or to the types, prescribed or per-

mitted by Supplement No. 4.

(4) It will be noted that the illustrative completion reports, in accordance with the

aforementioned amendment to Section 17 of Valuation Order No. 3, make no separation

of cost as between labor, materials, and estimated costs and show the total cost of each

constituent part or item of property. However, if a carrier so elects (where prorates are

necessary for the division of costs common to two or more items), the material cost only

may be shown for each item of picperty. If this alternative plan is followed the other

elements of cost, such as labor, work train semce, and transportation for investment,

will not be distributed to each item, but shall be distributed, as may be applicable, to

groups of items (within a primary account), such as pile and frame trestles, and pipe

and timber culverts, and to the individual structures, such as a bridge, building, struc-

ture, plant, or facility, referred to in Section 21 of the Supplement No. S as "structural

property." The amount of each of such elements of cost shall, however, be separately

stated.

(5) Where the unit contract price shov/n on the completion report does not repre-

sent the full cost of the item, this fact, together with any additional detail as to the

elements of cost not included, may, if desired, be stated in a footnote.

(6) It will be noted that the illustrative 588 returns do not show a separation of

units between— (a) retirements of property included in the records and reports pre-

scribed by Valuation Order No. 3 for installations since date of basic valuation, and

(b) retirements of property included in the Final Engineering Report. The costs applic-

able to each of these two kinds of retirements arc, however, shown separately in Col-

umn; 11 and 12, respectively, of B. V. Form S88-R.

(7) In those cases where sub-schedules are used, the total charges and credits for

the account should be summarized on the last sheet, and it will not be necessary to

duplicate the summary on B. V. Form S88.

(8)' The grouping of accounts provided under Section 28 of Supplement No. S may
be modified, if substantial savings in the work can be made.

(9) The forms of the Explanatoiy Text, the reconciliation with Account 701 and

the summary of cost of property added and retired, shown on pages 1, 2 and 3 respec-

tively, of the illustrative 588 returns, are suggested for adoption as a standard. Where

the report is voluminous a separate sheet, or sheets, will no doubt be required for the

table of contents.

(10) A summary of the costs shown on the 588 return should be prepared for

each owning companv, classified as to use, by valuation sections, as a whole, and by

States. The certification as to the correctness of the report need be made but once

therein and may appear upon the grand summary.

(11) Reports responsive to the provisions of Section 12 of Supplement No. 5,

Sub-schedule N, Changes in Use of Property, should appear immediately following the

Explanatory Text.

(12) The form of the illustrative reports should not be construed to permit the

preparation of blanket completion reports for two or more authorities for expenditure.

(13) As stated in the foregoing, the illustrative reports set forth generally the re-

quirements prescribed by the Orders of the Commission. Data in addition to that shown

on the illustrative reports may, if required by any carrier, be included in the reports of

that carrier. However, before reporting any details beyond those actually required the

reporting carrier should assure itself that substantial benefit will result from the elabora-

tion. On the other hand, it is not intended that these suggestions should preclude any

carrier from devising further short-cuts and presenting them to the Bureau for con-

sideration and approval or rejection.

(14) There has been omitted any suggested form for reporting changes in equip-

ment as an examination of a simplified method for reporting changes in this class of

property used by several carriers suggests the practicability of making a combined equip-

ment completion report, record of properly changes and the Sub-schedule B in B. V. 588

returns. The approval of such simplified method for reporting changes in equipment

must be obtained by the individual carrier interested upon application to the Bureau of

Valuation.
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ROADWAY COMPLETION t^EPORT
General Accouul I, and General Account 111, General Ezpenditures

Owner-BISIH AKD aCfflTH Rfp.yi*
,

" QOmNX. _ _ _ ..

Oferatint- Company.JlttBXH.A»D_3SfflTH _BAIW«W COKPAWI..

Contract or Company WorV..... —

.

Location of Project ^ . .... f"*'

CotDplctioo Report < Final > No ..X. „ „.,_

A. F. E. No.: „.>^»>? „ Approved _ _

Sheet No _.....^ .o( .4 Sheets

ComplettOD Drawing No ,. .^ _

..nnar.u^.iBM..
-[portions liere reported tun.ed over to Operation . ,

, Project Cor.plclcd DBCaCiB. •• 1999. Turned o

' PKojKcn Qe«U.« tneidflfl of tba TctibIbaI QlTlaloB, . Ste^loa 30 plat 09 %0 196'plB* Iff .re^natnatlOB

•t BOT fr»lcht totloB, «il«rg^at of abop raailltlaa and r«plaa«i«% of aatar tamk at jaaatlvm, T«*i

^_ __.. or participated in by .- - -. . — ~ to the amount of _

6,9TC

2,49fl

£,50C

O.T5(

£.10(
1.10

S.00(

9.25(

4.00(

) 64,342. CO
) 8,712.50
} 6, £41. 60

e.uo.oo

) 1,&00.00

>) 4,06?. 60
i> 15.160.00
101 .681. 10

DESCRIPTION C

(a) OBlt boatract

ADDITIOH!

mm TRACES

L&UD ron nuBsFORTATxoB nnvosa
Uad
Paroal to. Map t
Anoont paid sr«Btor
IseldMtal eoata

paroal ei. Uap 8

Aiaount paid grmator
Znoideotal ooata

Total

ORADINa

0nibblB«
bCfivatloB Hnd borrow
Staan ahoTal w«rk, BTg. haul 8,500*

ComoB
Looaa roek
Solid rook
QreTol, i.tan ?lt. aTfe. ImX 5.6 nllai

Corrogstad iroa salraBiiad plpa
12- dU.
14- dia.
15- dlB.

TotBl

BHnwffl, TRESTL2S U3> OTL7«rTS
Flla traetlaa, 8. Total Langtta 312*

Piling, plita, oraoaotad

Stnngara, T* P., oraoaotad

Otbar tlmbtr
tjav, T. P., eraoBotad
New, fir, ontraatad
OalT. IroB, iZO gaugo
Pipo and tljnber oulrarta

- Caat IroD plpaa
Conercta^ plain
KEcamtion, eoonoa, wat

Total

TI£S
Crosatlaa, traatad

Pridga tlaa, traatad

Total

t
perforaad udar oontrwot*

true to the best of xny knowlctl^c and bvHcf-

Subscribed and sworn to before me this

t the lorcEoing report of property c

Title.,-.

r my supervision,

These forms must be considered in conjunction with the descriptive statement sub-

mitted in this report ; for example the forms show the costs of items of property in place.

However, an alternative plan for handling such costs as labor, work train service and

transportation for investment when not directly assignable is provided for in paragraph

four of the descriptive statement.
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ROADWAY COMPLETION REPORT
CONTINUATION SHEET

General Account 1, and Genera) Account m. General Eipenditsrea
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ROADWAY COMPLETION REPORT
CONTINUATION SHEET

General Accounl I, and Genenl Accoonl m. General Eipenditiuea



Records and Accounts 413

ROADWAY COMPLETION REPORT
CONTINUATION SUEF.T

Gcaeral Acrounl I, and Geoerel Account lU, General Eipenditarea

.. Sbeeu A. P. B. No Jif^f..

QcT o» irrKTifK

fivlt«b tlM, astrMt«d
Croa* tin, natrastad

Total

RAILS
RaU, SftD* r«I«7 «3 trk. ft.

Rail, lOOi^ ralar 7T*^7< • M trk* ft.

nail. 00 relax 13 trk. ft.

Rail, eo* raley ?94 trk. ft.

Total

OTh .fl TRICK WiTTJlUa
Tog, 7 - 100^ Wang, oantar 12*

;

Swltoh 15» 10(Vt ralflf,

I

Guard rslla. 100#- IV
I Sirltoh aland, HC. lo« *lth l%>ip

Splkaa
SO angla bara 4A ralay
L'plkM
Bolts

lOOff anele bara - aa*

•OJ Bonzuo JolJite - aaa ;;*-

Total

TRACK LATWO AhTl SUHr*.CIKC
1 placlne tumouta
I

Tr«elt larlog lad. litlklal m
ei# to 90

! tolf Bui ondcr
Plafllll« baUaat, olndors

I

Total

TOTAL, BOAP ANT t- UIP«JIT

ICAniAT tUHTlKAHCS
TIIE
0THJ1 TRACK UATEni/L
BAILAST
TRACK LATINO AMI Jfj-fkCXhO

STATirN AliD OFTICt HJlLDD*ja
ifATm rTATIOHE
SIONiLi: tNTi INTtSLOCKlSS
PO'TEa DIPTRIBDTION STCTaJI

310? HA£BD4iiHT

RttCTIVG SPUR TRACK

* Ratirvitan* of propartj laeladfd la J-li«laaerin« Raport.

Ui»t QuMiUtr

D Coan RaniaB

o.n '

1.40
0.30

S.M
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ROADWAY COMPLETION REPORT
General Account 1, and General Account III, General Expcnditurea

NOSm AW aoOTH RAA.DAD OO'JBaSI

Completwn Report i Fii

, HOHia AMD SODTB BmILROAD OONPAMT

Contract or Company Work...

Location ol Projwrt

A. F. E. No 1203.8 JVpproved...

Shtel No .V.._ .of ..^.

Completion Drawing No

F^avAar s. i93s
fpprlions htre rcpOTted t

IpMlecl CoPiplcted MABCB 1,.1M3 .Turned c
KiBCH 1, 193S

or participated in by

91.00
6.87
4.89

lfiS.40

x.iee.fli

180. Gl
1,304.22

CTHcB CH.-JJQCS

n«tlr«iD«i t i?f pro !iartr liiolu( '

P ITT EBM EMT

MLIH TRACKS

Station ISO pluft 00 to in plus 00
(bU, hm, liiif CH BOO trtc. ft.

Mil, nn, lOOi^ OB 600 trk. f%.

Tot«l

oth:r track HATUUAL
Joiat*« a«*, 190^ o»at. 24"

Bolts
imt looka, B- r.
Tie plates, ISOj^ . 640
Abrasion plates, 130# - 62
ReU acehors, ISO^
Joints, Dsv, lOOj? coat. M"
Bolts,
Nat losks, B. F<

Tie pistes, 100# - 646
Abx«aloa plates, 66
Rail uolioia, 100^

TRACK UTmO AMD gUmFACDW
OH03S COST

g CQ£:TG OF rHICH TO HPT AfTffiT THZ INTLPT'^JtT ACCODKT

htoia Track - mie U

od la mslaeerine Report

iproduotLoD Be« Iso: udsd la Aaoount 8 of iltgiB*srlBg Report.

69.W
6.70
4.00

141.38
1S.C9
51. ZO

564.67

e abovc-aanied company, do y

true to the best of u

Subscribed and swor

r knowledge and belief.

t the foregoing report of property changes which were made under my supcivisio

TiUe...
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Second

Subject: Standard Form of Summary—B. V. 588 Returns.

Your Committee submits, as information and for use by the carriers, the proposed
Standard Form of Summary for B. V. 588 Returns submitted with this report, which has

the approval of the Bureau of Valuation of the Interstate Commerce Commission.

IlgT or SUMMARIES TOR B. V» 588 RETUBMS

CUSSI7ICA.TI0N

(A) All Property Changes

(B) Wholly owned and uced

(C) Wholly owned but not
used

(D) Wholly used bat not
owned

(£) Jointly owned and
usad

(F) Jointly owned but not
uaed

(ia) Jointly uaed but not
owned

(H) Seotion 17 Itema

(I) Correctiona in baaio
Ebgineering end Land
Report a.

mysBm and kind o? spw-aries

OpBnd Summary

^ch Valuation Section
Unallooated (If njore than one VS)
JiBch State (If more than one VS)
aitire Road (If moi-e than one state)

Each Valuation Section or using
carrier (If more then one)

Unallocated (If more than one VS)
Bach State (If more than one V3)
aitire Road (If more than one ettite)

Bech Valuation Seotion or owi).ing

carrier (If Bore than one)
Unallocated (If more than one VS)
Bach State (If more than, one VS)
Qitire Road (If roore then one state)

Bach Valuation Section
Unallocated (If more than one VS)
Each State (If more than one vs)
aitiro Road (If more than one state)

Saoh ValTiation Saotion
UQallocated (If mare than one VS)
Each State (If more than one VS)
fiitire Road (If more than one state)

ach Valuation Section
Unallocated (If more than one VS)
Bach State (If more than one VS)
iSitire Road (If more than one state)

Follow same plan as indicated in
(B) to (0).

Follow same plan as indicated in
(B) to (0).

SES aAlfflPLBS

SUJft^ARIPS

ATTACn£i>.

( obeet Ko -

)

1

4 5 6.

Nona
3

2

None
None
None
Ncno

Nona
Ncno
Hen a

Nono

None
None
None
None

Hone
None
None
None

None
None
None
None
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Appendix G

(E-2) METHODS AND FORMS FOR GATHERING DATA FOR
KEEPING UP-TO-DATE THE PROPERTY RECORDS OF RAIL-
WAYS WITH RESPECT TO VALUATION, ACCOUNTING, DE-
PRECIATION AND OTHER REQUIREMENTS

(2) Accounting and Depreciation

J. H. Hande, Chairman, Sub-Committee; B. A. Bertenshaw, A. M. Blanchard, V. H.
Doyle, D. E. Field, C. C. Haire, A. T. Hopkins, W. W. James, W. R. Kettenring,

Henry Lehn, P. R. Leete, W. S. MacCulloch, A. T. Powell, H. L. Restall, F. C.

Sharood.

The depreciation subject has been before the Committee for many years, but has

been of unusual interest since the first depredation order of the Interstate Commerce

Commission was entered on November 2, 1926.

The order has been postponed from time to time until June 13, 1934, when an order

covering Equipment was issued prescribing definitely the estabhshment of depreciation

accounting as of January 1, 1935. The last postponement of the order indicated that

depreciation with respect to fixed property is effective on January 1, 1936.

The Committee has investigated various plans of instituting a system of depreciation

with particular emphasis concerning the setting up and maintenance of the depreciation

base and the determination of service lives. There has been developed during the last

several years, in a tentative form, a complete treatise on the subject, which, when com-

pleted and its publication approved by the Board of Directors, will be made available

to the members of the Association.

The foregoing is offered as a progress report.

Appendix H

(F-1) CHANGES OR REVISIONS IN I.C.C. CLASSIFICATION
OF ACCOUNTS

W. R. Kettenring, Chairman, Sub-Committee; A. M. Blanchard, C. C. Haire, J. H. Hande,
P. R. Leete, Henry Lehn, F. C. Sharood, Chas. Silliman.

The inauguration of depreciation accounting for equipment in accordance with the

Interstate Commerce Commission Order No. 15100, Depreciation Charges for Steam Rail-

road Companies, effective January 1, 1935, made it necessary for the Commission to re-

vise certain parts of the effective accounting classification.

The revisions are contained in an order of the Commission, dated June 13, 1934, and

the principal changes are indicated below.

Depreciation Order No. 15100 requires the determination of depreciation on a group

basis with the result that the entire service value of retired units is charged to Depre-

ciation Reserve on retirement. Paragraphs 3 and 4 of the General Account II Equip-

ment are, therefore, revised to read as follows:

The ledger value of each unit of equipment shall be credited to the appropriate

equipment account when it is permanently retired from service. (See note A which
follows.)

The service value (see note B which follows) of the unit shall be charged to

account 776, "Accrued Depreciation—Equipment".
The value of the salvage (see note C which follows) from the unit shall be

charged to account 716, "Material and supplies" or to other account appropriate
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according to the disposition thereof. In case the retired equipment is held without

being torn down, the estimated value of the salvage therefrom shall be included in

account 722, "Other deferred assets," until the salvage is recovered.

The cost of tearing down the retired unit and recovering the salvage shall be

charged to account 329, "Equipment—Retirements."

The ledger value (estimated if not known) of all parts of equipment retired and
not replaced shall be credited to the property investment account and the service

value thereof charged to account 776, "Accrued depreciation—Equipment".
Note A.—The term "retired from service" as applied to equipment means equip-

ment which has been permanently withdrawn from transportation service. The dis-

mantling or tearing down of a unit of equipment in order to replace parts thereof

with improved pajts, the purpose of which is to modernize the unit and to create an
expectation of life fairly comparable with new and modern equipment shall be ac-

counted as a retirement. The dismantling or stripping of such property only to the

extent necessary to recondition or to replace in kind defective parts shall be ac-

counted as repairs.

Note B.—The term "service value" as applied to equipment means the ledger

value thereof less the value of the salvage therefrom.
Note C.—The term "value of salvage" means the amount received for property

retired, or for the material salvaged therefrom, if sold; or if retained, the value at

which the property or the material salvaged therefrom is chargeable to account 716,

"Material and supplies," or other account of this system of accounts.

A new section is added to the Special Instructions for Operating Expenses in the

Classification of Operating Revenues and Operating Expense for the purpose of incor-

porating therein the provisions of the Depreciation Order. The new section reads as

follows:

24. Depreciation Accounting.—The accounting for depreciation of equipment

shall be in accordance with the following:

(A) There shall be currently charged to operating expenses, road and equip-

ment clearing and other accounts and credited to account 776, "Accrued depreciation

—Equipment," during the service life of equipment, amounts which will approxi-

mate the loss in service value not restored by current repairs or covered by insurance.

These charges for currently accruing depreciation shall be computed at such per-

centage rate of the ledger value of the equipment that the service value may be dis-

tributed under the straight-line method in equal annual charges to operating ex-

penses and other accounts during the estimated service life of the equipment.

(B) All depreciation charges to operating expenses, road and equipment, clear-

ing and other accounts and concurrent credits to account 776, "Accrued deprecia-

tion—Equipment," shall be made monthly in conformity with the group plan of

accounting for depreciation. The term "group plan" as applied to equipment de-

preciation accounting means the plan under which depreciation charges are accrued

upon the basis of the ledger value of the property included in each equipment pri-

mary account, (Nos. 51 to 54 and 56 to 58, all inclusive), using. the average service

life thereof properly weighted and, upon the retirement of any unit of such prop-
erty, its full service value is charged to account 776, "Accrued depreciation—Equip-
ment" whether or not the particular item has attained the estimated average service

life. In determining such monthly charges and credits the annual percentage rates

shall be applied to the ledger value, as of the first of each month, of the respective

primary equipment accounts and the result divided by 12.

(C) For purposes of analysis the carrier shall maintain subsidiary records in

which the reserve is broken down into component parts corresponding to each equip-

ment primary account (Nos. 51 to 54 and 56 to 58, all inclusive) showing in these

records also in complete detail by each such primary account the current credits and
debits to the reserve. Such detailed information shall be reported annually to this

Commission.
(D) In determining monthly depreciation charges to operating expense, road

and equipment, clearing and other accounts, and the corresponding credits to the de-

preciation reserve, the annual percentage rates applied to the ledger value of the

property included in each primary equipment account (Nos. 51 to 54 and 56 to 58,

all inclusive) shall be those which are prescribed from time to time by this Com-
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mission, except that where no rates previously have been prescribed, the carrier's

estimate of the annual percentage rates computed in accordance with this instruc-

tion shall be used.

(E) The carrier shall keep such records of equipment retirements as will reflect

the service lives and value of salvage of each class of equipment; shall maintain in

convenient and accessible form engineering and other data bearing on prospective

service lives; and shall be prepared at any time upon direction of this Commission

to compute and submit for its approval, new percentage rates to take the place of

those based on service lives or value of salvage found to be inaccurate.

(F) If the cause of retirement of a unit of equipment is not a recognized factor

in depreciation but is a cause against which the carrier is insured the depreciation

reserve shall be credited with the full amount of the insurance recovered. If the

cause is not a recognized factor in depreciation and the loss is not covered by insur-

ance the carrier may upon proof that the charge will result in unduly depleting the

depreciation reserve and with the approval of this Commission charge all or a part of

the service value of the unit to account 726^, "Equipment retired," and distribute

it from that account to account 330, "Extraordinary retirements—Equipment," or to

account 619, "Debits from retired road and equipment".

(G) For the purpose of the group plan of depreciation accounting for equip-

ment, the following primary accounts, under road and equipment general account II,

Equipment, are classed as depreciable accounts:

Si. Steam locomotives
52. Other locomotives
53. Freight-train cars

54. Passenger-train cars

56. Floating equipment
57. Work equipment
58. Miscellaneous equipment.

(H) The accounting for the depreciation of leased equipment shall be in ac-

cordance with section 2 of the general instructions in the Classification of Income,
Profit and Loss and General Balance Sheet Accounts. The depreciation on equip-

ment includable in operating expenses by the lessee under that instruction shall be
stated under the group plan in accordance with the foregoing instructions pertain-

ing to the carrier's owned equipment.

The present Account No. 55—Motor Equipment of Cars—^is eliminated and the costs

of such equipment included in the accounts for the cost of cars to which it pertains.

All of the present operating expense accounts appUcable to Depreciation and Retire-

ment of Equipment (16 separate accounts) are cancelled, and three accounts are substi-

tuted therefor, as follows:

No. 329

—

Equipment Retirement:—To include cost of tearing down equipment and

recovering salvage.

No. 330

—

Extraordinary Retirement-Equipment:—To include a proportion of the

service value of equipment for which the Commission has given authority

to spread during the period.

No. 331

—

Equipment—Depreciation:—To include the depreciation charges for all classes

of equipment.

The Commission's Order of June ?nd, 1924, relating to the Equalization of Mainte-

nance Expense is cancelled and in lieu thereof three new accounts are provided for the

distribution of expenses included in maintenance budget, as follows:

No. 280

—

Equalization—Way and Structures.

No. 338

—

Equalization—Equipment.
No. 774

—

Maintenance Reserves.

The first two accounts are provided to carry the difference between actual expendi-

ture for maintenance and the budgeted expenditures, with offsetting entry for correspond-
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ing amounts in the last named account. Instructions pertaining to the equalization of

expenses are contained in Section 19 of Special Instructions, as follows:

19. Equalization of Maintenance Expenses.—The cost of maintaining way
and structures and equipment shall be included in the appropriate primary accounts

in the month in which the expense is incurred. In case the carrier adopts a budget

or estimate for all or a part of the calendar year of expenses includable in one or

more primary maintenance accounts or for the general accounts, Maintenance of Way
and Structures, and Maintenance of Equipment, the difference between the budgeted

or estimated expenses and the actual expenses chargeable each month may be equal-

ized as appropriate in account 280, "Equalization-Way and structures," or 338,

"Equalization-Equipment," with contra entries in account 774, "Maintenance re-

serves". If certain primary accounts only are budgeted the carrier's records shall

show for amounts included in the equalization accounts the amount of the equaliza-

tion assignable to each such primary account.

Amounts included in account 774, "Maintenance reserves," in accordance with the

foregoing paragraph, shall be cleared therefrom at the close of each calendar year

through the accounts originally charged or credited.

When so authorized by this Commission, for the purpose of anticipating heavy

or extraordinary repairs to equipment, there may be included each month in the ap-

propriate primary repair accounts an equitable proportion of the amounts neces-

sary to provide for the cost of such repairs as are usually done at intervals of sev-

eral years. The carrier's apphcation to this Commission for authority for such ac-

counting shall contain a statement showing by equipment numbers, or the numbsr of

units by series or groups, the estimated cost of general repairs anticipated by charges

to the repair accounts and credits to account 774, "Maintenance reserves," and the

approximate date or dates on which it is anticipated the repairs will be made. The
cost of such repairs when made shall be charged, to the extent of the provisions there-

in, to account 774, "Maintenance reserves".

Profit and Loss Accounts.—Account 603, Profit on Road and Equipment Sold, and

Account 619, Loss on Retired Road and Equipment, are cancelled and Accounts 603,

Credits from Retired Road and Equipment, and 619, Debits from Retired Road and

Equipment, substituted therefor.

The effect is to have all debit entries to profit and loss lodged in one account, and

all credit entered in another account.

Effect of Changes in the Accounting Classifications

The new regulations will generally cause an increase in the amounts charged to Op-

erating Expenses for depreciation, commencing with the year 1935, unless individual car-

riers have in the past maintained relatively high depreciation rates.

In addition to the new regulations that are given in the above, there is specified a list

of equipment units to be used for depreciation and accounting purposes, whereby the re-

placement of a specified part of a unit will be accounted for in the same manner as the

replacement of the whole—i.e., as property retired and replaced rather than as an op-

erating expense replacement.

While the effect of the change in the method of accounting for equipment resulting

primarily in the establishment of depreciation accounting on a group basis may not ap-

pear to be of direct interest to members of the Association, it nevertheless is of im-

portance in that it is the first step in the application of the method and principle out-

lined in the Depreciation Order, I.C.C. Docket No. 15100, "Depreciation Charges of Steam

Railroad Companies." The application of the requirement of the depreciation order for

fixed property will be a natural sequence.

This report is submitted as information.



REPORT OF COMMITTEE XXVI—STANDARDIZATION

J C. Irwin, Chairman; P. M. Gault, J. R. W. Ambrose,
H. AusTiLL, C. J. Geyer, Vice-Chairman;
R. C. Bardwell, G. a. Haggander, F. L. Nicholson,
E. H. Barnhart, C. C. Haire, Arthur Ridgway,
F. L. C. Bond, M. J. J. Harrison, G. A. Rodman,
J. G. Brennan, M. Hirschthal, F. S. Schwinn,
D. J. Brumley, C. R. Knowles, F. C. Shepherd,
VV. J. Burton, J. A. Lahmer, Earl Stimson,
A. P. Crosley, F. R. Layng, Dr. A. N. Talbot,

J. V. B Duer, J. M. Metcalf, J. E. Teal,
Geo. S. Fanning, John V. Neubert, A. R. Wilson,

Committee.

To the American Railway Engineering Association:

Your Committee respectfully reports on the following assignments:

(!)• Encourage the use of ARE^ recommended practices and consider subjects for

recommendation to the Board of Direction for sponsoring as projects for National

Standardization. Progress report.

(2) Maintain contact with standardization bodies and keep the Association in-

formed on important matters developed by such contact. Progress report.

(la) Encourage the Use of AREA Recommended Practices.—For several years

this Committee has directed attention to the value of the material in the AREA Manual

in view of the processes by which it has been developed and adopted. At the same time

it has endeavored to present the distinction between those approved practices in which

uniformity of use is of value to the railways as a whole and those which are merely

useful for reference in cases where information in regard to approved practices is desired,

but where the study in hand does not affect the railways in general.

In connection with the use of the material in the Manual the question sometimes

arises as to what conditions justify a railway in substituting AREA recommended prac-

tices for the "Standards" of the individual railway. It appears that in some discussions

on the Manual, it is treated as a whole, without distinction as to the uses of its various

parts. Such questions now being current, it seems well for this Committee again to state

its views on the classifications of the material in the Manual with reference to the in-

terests involved and the limits of the classes of projects in which the value of uniform

practice would warrant action for national standardization. These views were given in

its report presented at the Annual Convention in 1931 (Vol. 32 page 113), as follows:

"Reference to the Manual for information or for guidance on procedure, consti-

tutes use which amply warrants its existence, whether the basic 'recommended prac-

tice' is followed absolutely or not. In many cases where a matter of design or other

practice affects no other railway and no outside party, modifications of recommended
practices can be made to suit the user without question of detriment to others.

"In matters affecting two railways, each one having relations with other rail-

ways, the greater importance of uniform practice is clear.

"In matters where various railways have similar interests with industries which
they serve, manufacturers from whom they purchase, contractors with whom they
deal, or with the public, the desirability for uniform practice is emphasized, so that

the acts of one party having interest in one case will not be detrimental to the parties

in other similar cases.

"While limitations on such uniform practices must be recognized, yet, if indi-

vidual users are willing to subordinate some of their views for the general good,
there will be much more extensive acceptance of the material in the Manual, as

recommended".

Bulletin 373, January, 1935.
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The Committee then pointed out the relative value of uniform practice according to

use and interests involved, under the following classifications:

"(A) Those which concern only the individual railway; such as roadway and
ballast sections, design of culverts, etc.

"(B) Those which concern relations between two or more railways; such as
agreements for trackage rights, interlocking, etc.

"(C) Those which concern the railway and the industries or individuals which
it serves; such as agreements for industry tracks, lease agreements, etc.

"(D) Those which concern the railway and the manufacturers of railway sup-
plies

; such as track and signal designs and specifications, etc.

"(E) Those which concern relations between the railway and its contractors
or public service corporations; such as construction contracts, agreements for the
purchase of electrical energy, for wire line crossings, etc.

"(F)' Those which concern the relations between the railways and the general
public; such as highway crossing protection, etc. Manufactured articles in this class

would also be in Class D."

Consideration of the material in the Manual under these classifications may clarify

views on the relative importance of the general use of its various approved practices.

"It is apparent that subjects coming under Class A are merely for the purpose of
being a guide to good practice and of saving time and money for the user."

"In Class B, involving more than one railway, and each one having relations with
others, the benefit of a basic uniform practice with variations only as local conditions
require, is evident. In some cases the recommended practices recognize the need for these
local variations by providing alternates or by leaving such phases open."

"In other classes, the importance of uniform practice may be judged by the extent
of inter-relations of the interests concerned."

The 1931 report of this Committee, from which these quotations are taken, then

points out the importance of collaboration of the committees of this Association with

those of other national organizations, as well as with other Divisions or Sections of the

AAR concerned, in order to facilitate the general adoption of practices in which the in-

terests of the railways are involved with the interests of others with whom they deal.

Comprehensive cooperation of this character develops cases in which it is agreed

that a national standard will be of value to industry, to express acceptable limits of

quality, types or sizes, to provide for suitable tests and to avoid misunderstandings and

chaotic conditions. Such cases, developed by committees of the AREA, are brought to

the attention of this Standardization Committee, the membership of which includes the

chairmen of all AREA committees, where the subject is discussed with reference to its

suitability for national standardization. If so approved, recommendation is made to the

Board of Direction that it be advanced to the American Standards Association through

the AAR, or some other Member-Body of the ASA, as sponsor for handling through

ASA procedure with a view to adoption as "American Standard".

The AREA Manual is not a book of standards and this Committee, in covering its

assignment does not treat it as such. The "Foreword" of the 1929 Manual says, "It is

the statement of the condensed, formal conclusions of the American Railway Engi-

neering Association, covering principles, definitions, designs, specifications and recom-

mended practice for economic location, construction, maintenance and basic physical

elements of operation of railways".

After referring to the highly trained and widely experienced men who have produced

the Manual, and the never-ceasing work of the Association through perpetual investiga-

tions, studies, reports and recommendations of the Association's committees, it continues,

"The conclusions and recommended practice of the Manual of the American Railway

Engineering Association are, therefore, authoritative and dependable cross-sections of the

composite judgment of men who build, maintain and operate railways".
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This Committee encourages extensive use of the AREA Manual on account of its

value. It emphasizes its views, heretofore expressed, that uniformity of practice is of the

greatest importance in matters which involve relations between railways and other in-

terests or between two or more railways, they in turn having similar relations with other

railways or outside interests. In such cases, the Manual supplies the approved practice

for general use.

In general, the railways benefit by the reduction in the number of types, sizes and

specifications as to quality, of tools and materials, attained through simplified and uni-

form practice by reason of cheaper production in quantity and reduction in stock required

to be carried.

(lb) Consider Subjects for Recommendation to the Board of Direction for

Sponsoring as Projects for National Standardization.—During the past two years

this Committee has considered several subjects developed by AREA committees or

otherwise presented to it as suitable for national standardization and has recommended

that the AAR be requested to become a sponsor under ASA procedure for the projects

listed below. These recommendations were approved by the AREA Board of Direction

at its meeting in Montreal May 22d, 1934.

Wire and Sheet Metal Gages
This already is an accepted project of the ASA (B-32). The present sponsors are

the American Society of Mechanical Engineers and the Society of Automotive Engineers.

The AAR is represented on the Sectional Committee by J. A. Jones of the Telegraph

and Telephone Section and H. G. Morgan of the Signal Section. Little progress has

been made and it is considered that the interests of the railways as large consumers

warrant the AAR in becoming a joint sponsor with the others. This addition will be

acceptable to the present sponsors and, if arranged, will lead to a reorganization of the

Sectional Committee with additional representation from the AAR.

Specifications for Creosote and Specifications for Creosote Coal-Tar Solution

The AREA, the American Society for Testing Materials, and the American Wood
Preservers' Association have agreed on these specifications on which they have collaborated

and it is considered advantageous to have them made "American Standard". The ASTM
already has indicated that it will accept joint sponsorship with the AAR for handling

this subject under ASA procedure. The title of the project to be submitted to the ASA
is "Specifications for Creosote and for Creosote Coal-Tar Solution and Methods for

Measurement, Sampling and Analysis".

Four-Section and Two-Section Track Scales

Under this heading there are two project?, recommended by Committee XIV—Yards

and Terminals, last year and accepted by the Standardization Committee and approved

by the Board of Direction this year, as follows:

"Specifications for the Manufacture and Installation of Four-Section Railway Track

Scales (For Knife-Edge only, not Including Overhead Suspension Scales)". These speci-

fications are in the AREA Manual, pages 1008 to 1026 and have been promulgated by

the National Bureau of Standards as its Circular No. 83.

"Specifications for the Manufacture and Installation of Two-Section Knife-Edge

Railway Track Scales."

These specifications are in the AREA Manual, pages 1050 to 1067 and have been

promulgated by the National Bureau of Standards as its Circular No. 333.

The associations collaborating on the development of these specifications are listed

in the explanatory note preceding them in the Manual.

It is considered to be advantageous to have these specifications approved by the

American Standards Association.
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Progress has been made in developing these projects in suitable form and with the

required information for presentation to the AAR, but they are not yet in final shape for

that purpose.

(2) Maintain Contact with Standardization Bodies and Keep the Association

Informed on Important Matters Developed by such Contact.—In connection with

this assignment it will be well to review the meetings held by this Committee jointly

with officers and other representatives of various organizations interested in standardiza-

tion during the past four years. These meetings were held for the purpose of making

the activities of the AREA better known to other associations and of learning more of

their activities; at the same time forming closer personal relations, which lead to in-

creased collaboration in work on subjects of mutual interest and the avoidance of dupli-

cation in effort and conflict in results.

The first of these meetings was held, with the National Bureau of Standards, at its

headquarters in Washington, D.C., May 22d, 1931. This meeting was attended by ten

Bureau of Standards men and twenty-three AREA men, among whom were four mem-
bers of the Board of Direction and the Secretary of the Association, thirty-three in all.

It was addressed by six heads of Government Bureaus as shown by the following program.

Dr. George K. Burgess (now deceased) Director, National Bureau of Standards—^Address

of Welcome.
Dr. Lyman J. Briggs, Assistant Director for Research and Testing (now Director, National

Bureau of Standards)—Research Associate Plan—Research and Testing Activities of

the National Bureau of Standards.
Captain J. H. Fellows, Vice-Chairman, Federal Specifications Board—Preparation and

Promulgation of Federal Specifications.

E. W. Ely, Chief—Services of the Division of Simplified Practice.
Dr. A. S. McAllister, Chief—Services of the Division of Specifications.

I. J. Fairchild, Chief—Services of the Division of Trade Standards.

Following the addresses, matters pertaining to the work of AREA committees were

discussed and there was a tour of the laboratories, during which explanations were made
by those in charge of tests.

The second of these meetings was held with the American Standards Association, at

the headquarters of the American Society of Civil Engineers, New York, May 20th, 1932.

This meeting was attended by President John V. Neubert, H. J. Forster, Secretary ARA,
L. D. Burlingame, of Brown & Sharpe Manufacturing Co., six members of the ASA staff

and twenty members of this Committee or their representatives, twenty-nine in all.

Members of the ASA staff spoke on its activities as indicated.

Dr. P. G. Agnew, Secretary—Organization and working methods of the ASA, its relations

with Member Bodies and other standardizing organizations.

John Gaillard, Mechanical Engineer—Tolerances, methods of gaging and methods of
showing tolerances on drawings.

Cyril Ainsworth, Assistant Secretary—Safety Codes.
H. M. Lawrence, Mining Engineer—Mining Standards and material specifications.

L. D. Buriingame, representing the American Institute of Weights and Measures, spoke
on the status of English and metric systems of weights and measures and laid em-
phasis on the general use of the English system in American industry.

Following the addresses, members of this Committee discussed subjects with relation

to advantages of uniform practice and suitability for national standardization.

The third meeting of this character was influenced by the appointment of the Fed-

eral Coordinator of Transportation and the creation of the Section of Purchases with

R. L. Lockwood as Director. Mr. Lockwood was immediately interested in the status

of standardization of various materials used by the railways and, after a number of con-

ferences, it was arranged to hold a joint meeting of the General Committee of the Engi-



Standardization 443

neering Division, the AREA Board of Direction and this Committee, with Mr. Lockwood

as the principal speaker in order that he might outHne to the representatives of the rail-

ways the policies of the Federal Coordinator and at the same time inform himself on the

work being done by the railway organizations. This meeting was held in Chicago, Octo-

ber 6th, 1933, with President W. P. Wiltsee presiding. The afternoon session became a

meeting of this Committee with the others present as guests. During this period, the

status of subjects for which standardization might be desirable, was taken up, each mem-
ber of this Committee reporting as Chairman of his standing or special committee, on

the subjects coming within the scope of its work, general discussion following.

Representatives of the Purchases and Stores Division and members of Mr. Lock-

wood's staff also took part in this meeting. Thirteen members of the AREA Board of

Direction were present. In all, fifty-sLx men attended this meeting.

This synopsis of the meetings of past years is presented here, together with the report

of this year's contacts, in order to give a collective view of the progressive program fol-

lowed by this Committee in carrying out this assignment, resulting in closer relations

between this Association and others having interests in common with it.

The fourth meeting of this character was a joint meeting with representatives of the

Canadian Engineering Standards Association held in Montreal, May 21st, 1934.

The following named representatives of the CESA, all of whom spoke in the meet-

ing, attended.

Dr. John Bonsall Porter, Vice-Chairman, Executive Committee.
R. J. Durley, Honorary Secretary, Member Executive Committee and former Secretary

CESA, Secretary, Engineering Institute of Canada.
*F. L. C. Bond, Member Main Committee (Member AREA).
G. H. Duggan, Member Main Committee.

J. M. R. Fairbairn, Member Main Committee (Past-President AREA).
P. L. Pratley, Member Main Committee.
B. Stuart McKenzie, Secretary.

P. B. Motley, Chairman, Committee on Steel Railway Bridges (Member AREA).
E. Brown, Chairman, Sub-Committee on Steel Construction.

L. R. Wilson, Chairman, Panel on Structural Welding.

Others, not members of this Committee, attending were:

Dr. P. G. Agnew, Secretary, American Standards Association and the following named
representatives of the AREA

John E. Armstrong, President.

Louis Yager, Past-President.

E. M. Hastings, Director.

A. N. Reece, Director.

Dr. Hermann von Schrenk, Director.

E. L. Crugar, Director.

E. H. Fritch, Secretary.

E. T. Howson, Member, Committee V—Track, Western Editor, Railway Age.

J. B. Strong, Member, Committee V—Track, Chairman, Standards Committee, Manganese
Track Society.

Twenty-six members of this Committee or their delegated representatives were

present, making the total attendance forty-six.

President Armstrong made an opening address of welcome to his home city and ex-

pressed the view that standards, the adoption of which cannot be brought about by

education, cannot be made truly effective by compulsion.

Vice-Chairman Ambrose also welcomed those present from the States, to Canada.

• Mr. Bond attended also as a member of Committee XXVI—Standardization, representing Canadian
Practice.
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F. L. C. Bond, representing Canadian Practice on this Committee, spoke as a Mem-
ber of the Main Committee CESA and gave a brief outline of the history and policy of

the CESA and referred to Canadian standardization practice. He stated that the British

Engineering Standards Association was organized in 1901 and the Canadian Engineering

Standards Association was organized in 1917 and received letters patent in 1919. The

name of the British Association was subsequently changed to the "British Standards

Institute".

R. J. Durley spoke of the early history of the CESA and stated that it is the gen-

eral policy of the Association to use existing standards wherever possible, but in many
cases local conditions had to be taken into account and the specifications revised accord-

ingly or new specifications developed.

P. B. Motley, who spoke as Chairman of the CESA Committee on Steel Railway

Bridges, also is a member of AREA Committee XV—Iron and Steel Structures. He en-

dorsed cooperation between the various standardizing bodies and referred to the situation

with respect to Empire and international standardization. He spoke specifically of the

work which had been carried on in Great Britain in connection with impact tests on

steel structures.

Dr. John Bonsall Porter referred to his personal activities in the early days "of the

CESA and particularly of his relations with the British Engineering Standards Association.

He stated that it is the general policy of the CESA, in its standardization work, to follow

British or Empire standards as closely as practicable.

B. Stuart McKenzie, Secretary CESA, who annually contributes a memorandum on

the activities of the CESA for inclusion in this Committee's report, spoke of the current

work of the CESA and explained the development of the Canadian Electrical Code; an

outstanding example of standardization work which has met with general acceptance

throughout the Dominion. He stated that all interests were represented on the various

code committees and that the whole question was considered on an all-Canada basis.

Two editions of the Code have been published, the second edition issued in January, 1930,

being 25,000 copies, practically all of which have been distributed. The Code has been

adopted by the nine Provinces of Canada and by many municipalities.

In referring to the general work of the Association, Mr. McKenzie emphasized the

close cooperation which had been maintained with individual manufacturing firms rather

than industrial and technical organizations, and stated that all of the work of the Asso-

ciation's committees is being carried on voluntarily by its members. He also explained

that the Association operates with funds supplied b)' direct subscription from industrial

firms and a grant from the Dominion Government through the National Research Coun-

cil. Reference also was made to special specifications issued by the association in which

valuable simplification had been effected, such as machine screws, binder head screws and

control cable for power houses. Agreement has been obtained on one standard design

for braid and the use of not more than two colors at any one time, by means of which

fifteen different cables could be identified.

The subject of Specifications for Steel Railway Bridges being brought up, Vice-

President A. R. Wilson, under whose administration as Chairman of Committee XV

—

Iron and Steel Structures, the revision of the AREA specifications had been made, out-

lined the history of the specifications and stated that the material specifications are

identical with those of the ASTM with which his Committee had worked in close co-

operation. He referred to the comprehensive data which had been collected covering

types, axle loads and trends which resulted in the adoption of the Cooper E-72 loading.

The CESA has recently organized a Sectional Committee on Steel Construction, under

which panels on bridges, buildings and structural steel welding have been organized, these
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panels cooperating with the existing committees on bridges and buildings. G. H. Duggan,

of the Dominion Bridge Company, and L. R. Wilson, Chairman of the Special Panel on

Structural Welding, CESA, took part in the discussion on Specifications for Steel Railway

Bridges, Mr. Wilson stating that their object is to encourage the use of higher tensile

steel and that the specifications of the AREA and ASTM are bemg given close consid-

eration.

Dr. P. G. Agnew, Secretary American Standards Association, spoke on "Cooperation

of Governmental Agencies in the work of the American Standards Association" as

follows:

"The Federal Government.—After long negotiations the request of the Secretary

of Commerce has recently resulted in a cooperative agreement between the American

Standards Association and the Bureau of Standards as follows:

"(1) In SimpUfied Practices and Commercial Standards work the Bureau of Stand-

ards is continuing on a reduced basis while the ASA on behalf oi industry

and its other consumer and general interest groups is increasing its share in

the activities and responsibilities for the work;
"(2) In safety code work the Bureau is continuing to carry on its responsibilities

upon a somewhat reduced scale, while the ASA is carrying a somewhat larger

share of the responsibility

;

"(3) In regard to the Building and Plumbing Codes the ASA is assuming respon-

sibility for development of the work formerly carried on by the Department

of Commerce. The committees of the Department which had handled it have

been discontinued. The Bureau will continue its research work.

"The National Recovery Administration.—The NRA has greatly stimulated the

standardization movement through (1) price stabilization methods which imply quality

standards; (2) strengthening the trade association; (3) the extensive promotional activ-

ities of the Consumers' Advisory Board to assure the development and use of standards.

"Standards are definitely referred to in approximately a hundred codes.

"A proposal was made in the report of the Committee on Consumer Standards of

the Consumers' Advisory Board that a new standardizing bureau be set up, but this now
seems unlikely, and instead the Consumers' Advisory Board will itself probably act as a

pressure agency for consumer standards.

"State and City Governments.—The most important relation of the state govern-

ments to the ASA so far developed is in connection with safety codes, in cooperation with

the State Industrial Commissions through their national organizations. Cities are also

cooperating in some branches of the safety work, especially in matters having to do with

city building codes.

"In the use of specifications for public purchasing only a small start has been made.
Some progress is, however, being made through the association of purchasing agents and
through state leagues of municipalities.

"Contacts with state and city authorities will probably increase as the Building and
Plumbing Code work develops under ASA auspices."

In connection with the discussion in regard to subjects on which standardization

would be helpful, E. T. Howson, Western Editor, Railway Age, referred to changes taking

place in railway equipment and the growing use of aluminum and special metals and

urged care in the consideration of standardization of things that are in an unsettled state,

avoiding haste but not standing in the way of progress.

Prospective Meeting of this Committee with ASTM.—A joint meeting of this

Committee and representatives of the ASTM is being arranged for the purpose of effect-

ing closer cooperation, and the development of further collaboration in committee work,

leading to uniform practice and standardization on matters of mutual interest. This is

an especially opportune time, as Dr. Hermann von Schrenk is President of the ASTM
in addition to being a Director, AREA.
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STATUS OF AAR RECOMMENDED STANDARDS FOR RAILROAD
HIGHWAY GRADE CROSSING PROTECTION

The report of the Standardization Committee affords the medium for information

to this Association of the progress in establishing uniform methods of protection for

highways crossing railways at grade. Frank Ringer, former Director, Chairman of the

Joint Committee on Grade Crossing Protection, AAR, furnishes the following statement

from his Committee:

"During the past year the efforts of the Joint Committee on Grade Crossing Pro-
tection, in matters concerning standardization of railroad highway grade crossing pro-

tection devices, have received recognition from a number of organizations national in

character.

"The report of the Committee on Railroad Grade Crossings Elimination and Pro-
tection, of the National Association of Railroad and Utilities Commissioners, made at its

annual convention in Cincinnati, expressed its recognition of the increasing trend toward
the Joint Committee's recommendations in these words:

" 'There appears to be a tendency toward uniformity in the type of signal de-

vices at grade crossings by adopting the recommendations of the Joint Committee on
Grade Crossing Protection of the American Railway Association.'

"The Committee on Signs, Signals and Markings, of the National Conference on
Street and Highway Safety and the American Association of State Highway Officials,

reported to the National Conference and recommended standards for highway signs,

signals and markings. Included in these recommendations were standards for railroad

highway grade crossing protection as approved by the Association of American Railroads.

Later the National Conference on Street and Highway Safety, called during May of this

year by Secretary of Commerce Roper, gave recognition to these standards.

"The Bureau of Public Roads of the United States Department of Agriculture, recog-

nizing the desirability of uniformity in aspect of railroad highway grade crossing pro-
tection devices, approved the recommended standards of the Association for installations

of signs and signals to be paid for from federal funds allotted for the purpose. The
Bureau later issued rules and regulations to the various states for constructing highways
and related projects in accordance with provisions of the Federal Highway Act, and in-

cluded the following expression:

" 'A substantial program of railroad grade crossing elimination and/or railroad

grade crossing protection will be required.'

"In all of the above the Joint Committee was active in presenting to the various

organizations the Association's recommended standards and practices, and it is gratifying

to note that they were favorably received. The ultimate success in the matter of com-
plete standardization, however, depends largely on the attitude of the railroads them-
selves in accepting the recommendations as noted in Bulletin 1 on the subject in question".

Association of American Railroads,

Joint Committee on Grade Crossing Protection,

Washington, D. C.

October 31, 1934.

AMERICAN STANDARDS ASSOCIATION (ASA)

During the year a new Advisory Committee, consisting of nine of the outstanding

leaders of the nation's industries was organized, with membership as follows:

George B. Cortelyou, President, Consolidated Gas Company, Chairman.
Sewall L. Avery, Chairman of the Board, Montgomery Ward and Company; Pres-

ident United States Gypsum Company.
Lammot du Pont, President, E. I. du Pont de Nemours Company; Chairman, Gen-

eral Motors Corporation.

Walter S. Gifford, President, American Telephone & Telegraph Company.
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Henry I. Harriman, President, Chamber of Commerce of the United States, Chair-

man of the Board, New England Power Association.

W. A. Irvin, President, U.S. Steel Corporation.

James H. McGraw, Chairman of the Board, McGraw-Hill Publishing Company.
Gerard Swope, President, General Electric Company.
Daniel Willard, President, Baltimore & Ohio Railroad.

In announcing the new Advisory Committee, President Howard Coonley said:

"The importance of standardization is being multiplied as industry and inven-

tion continue to extend their frontiers further and further into new fields.

"As industry becomes increasingly complex and ramified, we must depend more
and more upon the coordinating functions of standards. The standardization move-
ment is today one of the most important integrating agencies in the country. It

offers a democratic, widely representative forum, to which come manufacturers, dis-

tributors, and consumers to work out together their problems without governmental
supervision.

"This group of nationally recognized leaders, who will serve on our advisory

committee, have known the value of standards in their individual industries. They
now indorse the wider phase of this work, namely the inter-industry functions of

national, or American, standards.

"This is, it seems to me, most significant in view of the insistent demand for

the time of these men made by their own businesses during these onerous days."

The American Petroleum Institute and the American Iron and Steel Institute have

joined the .^SA as Member-Bodies and have appointed representatives and alternates on

the Standards Council. The American Water Works Association has joined as an Asso-

ciate Member.

J. Edgar Pew, Vice-President, Sun Oil Company and Chairman of the Standards

Division of the American Petroleum Institute, has been elected a member of the Board

of Directors ASA.
i

. ;
,

Howard Coonley continues as President and F. E. Moscovics as Vice-President.

The officers of The Standards Council are J. C. Irwin, Chairman and F. M. Farmer,

Vice-Chairman.

The plan of cooperation between the ASA and the National Bureau of Standards

agreed upon early in the year between officials of the ASA and the Department of Com-
merce is in satisfactory operation.

The Standards approved by the ASA in the period September 1st, 1933 to Septem-

ber 1st, 1934, are listed in Appendix A.

AAR Representation in ASA.

A. R. Wilson, Engineer Bridges and Buildings, Pennsylvania Railroad, Vice-President

AREA, has been appointed as an additional alternate from the Engineering Division AAR
on the Standards Council, ASA.

AAR members on the Board of Directors and the Standards Council are now as

follows:

Members of the Board of Directors:

L. A. Downs (Elected as AAR Representative).

J. C. Irwin (Ex-Officio as Chairman, Standards Council).

Members of the Standards Council:

Representatives

W. Rogers—Operating Division.

J. C. Irwin—Engineering Division.

W. I. Cantley—Mechanical Division.
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Alternates:

A. R. Wilson—Engineering Division.

E. K. Post—Engineering Division.

J. R. W. Ambrose—Construction and Maintenance Section.

J. S. Hagan—Electrical Section.

J. E. Saunders—Signal Section.

C. B. Tobey—Purchases and Stores Division.

A complete list of ASA projects on which the Railway Associations are cooperating
was published in the report of this Committee last year, Vol. 35, Bulletin 364. Th**

changes to bring this up to date are listed in Appendix B of this report.

CANADIAN ENGINEERING STANDARDS ASSOCIATION (CESA)

The new contacts made between the members of this Committee and members of

the Board of Direction AREA with officers and other representative mpmbers of the

CESA at the meeting in Montreal May 21st, 1934, are described in an earlier portion of

this report. This meeting will lead to closer cooperation between these two standard-

izing bodies through a better understanding of the projects being itudied by each and

through greater interest of individual members in exchanging views.

B. Stuart McKenzie, Secretary CESA, has furnished the following concise memo-
randum of the principal activities of his Association during the year 1934:

CrviL Engineering and Construction.—The special Panel on Brick Sizes, under the

Committee on Building Materials, has made a definite recommendation for a standard

size of building brick and this has been submitted to the Committee for approval but a

final decision has not yet been reached. It is proposed to have the one size for both face

brick and common brick.

It is proposed to form a general committee on Wood Poles shortly, and specifications

for Structural Timber will also be taken up in the near future.

Mechanical Engineering.—A standard for Machine, Carriage and Plough Bolts has
now been published and it is believed that this represents the most up-to-date practice

for these articles. The information on heavy bolts and nuts should be of value to railway
interests.

Nothing further has as yet been done regarding standards for Wood Screws and
Small Rivets. It is anticipated that there will be some difficulty in agreeing on a standard
for Rivets.

The Safety Code for Passenger and Freight Elevators is still in draft form.

Electrical Work.—Since the change in the arrangements for testing of electrical

apparatus, the work has been very active under Part II of the Canadian Electrical Code,
covering Approval Specifications. Specifications for Service-entrance and Branch-circuit
Breakers, Electric Clocks, Portable Electric Displays & Incandescent-lamp Signs, Capac-
itors (Electrical Condensers), Electric Fixtures, Electric Floor Surfacing & Cleaning
Machines, Fractional Horsepower Motors, Electric Portable Lighting Devices, and Outlet
Boxes have been published, and it is expected that a specification for Motor-operated
Blowers & Stokers, Cord Sets, and Gasoline Measuring & Discharge Devices will be pub-
lished very shortly. Specifications for Enclosed Switches, Transformers for Signs & Oil-

burners, Industrial Control Equipment, Conductors for Radio Devices, Cable for Signs
and Oil Burners, Soldering Lugs, and Oil Circuit Breakers are now being reviewed and
first drafts of specifications for Automatic Controllers, Dust-tight Equipment, Auxiliary

Gutters, Junction Boxes & Pull Boxes, Wire-ways and Busways, Asbestos-insulated Stove
Wire, Panelboards, and Enclosed Branch-circuit Cutouts, have been issued.

Consideration has been given to revisions for a third edition of Part I of the Cana-
dian Electrical Code, which covers inside wiring rules. These revisions have been ap-
proved by the Code Committee and the Code is now in page-proof and will be issued

by the end of the year as Canadian Standard for 1935.

Work on other Committees has not been as active as usual on account of industrial

conditions, but active consideration has been given to the specification for Insulated

Power Cable.

Steel Construction.—A new Sectional Committee on Steel Construction has been
organized and under its direction a Sub-committee on Steel Construction has been at
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work in the preparation of revised specifications for steel, the chief feature being the

recognition of medium steel which will allow the use of higher unit stresses in bridges and
buildings. The allowable stresses now specified in the existing CESA specifications will

be revised accordingly as soon as possible. A special panel of the Committee is at work
on specifications for Structural Steel Welding.

General.—Consideration is now being given to a reorganization of the Main Com-
mittee of the Association in order to obtain more adequate representation, particularly

from industrial interests, but no definite report is as yet available. It is hoped to stim-

ulate interest in the affairs of the Association and if possible arrange for increased indus-

trial support.

An interesting feature of the year's work was the Joint Meeting with the AREA
Standardization Committee in May, reports of which have appeared in the CESA Bulletin.

The Association continues to occupy quarters in the National Research Building on
Sussex Street, Ottawa.

In covering its assignment in regard to the use of the Manual, this Committee is

requesting suggestions from each standing committee with reference to approved prac-

tices in its portion of the Manual, the general use of which is most desirable and the

reasons therefor. Such suggestions will be considered by the Committee as a whole with

a view to making recommendations to the Association with reference to matters in which

uniform practice is most important.

The Committee on Standardization,

J. C. Irwin, Chairman.
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Appendix A

STANDARDS APPROVED BY AMERICAN STANDARDS ASSOCIATION

Period September 1, 1933 to September 1, 1934

ASA Symliol Title

Civil Engineering

AlO—1934 Standards for Safety in the Construction Industry

A39—1933 Safety Code for Window Cleaning

Mechanical Engineering

B36.1—1934 Specifications for Welded and Seamless Steel Pipe

B36.2—1934 Specifications for Welded Wrought-Iron Pipe

B36.3— 1934 Specifications for Lap-Welded and Seamless Steel Pipe for

High-Temperature Service

B36.4— 1934 Specifications for Electric-Fusion-Welded Steel Pipe (Sizes

30 in. and over)

B35.5— 1934 Specifications for Electric-Resistance-Welded Steel Pipe

336^6— 1934 Specifications for Forge-Welded Steel Pipe

B36.7—1934 Specifications for Lock-Bar Steel Pipe

B36.8— 1934 Specifications for Riveted Steel and Wrought-Iron Pipe

B36.9— 1934 Specifications for Electric-Fusion-Welded Steel Pipe (Sizes

8 in. to but not including 30 in.)

B47—1933 Plain and Thread Plug and Ring Gage Blanks

Electrical Engineering

CI—1933 National Electrical Code
CS2.1—1933 Electric Arc Welding Apparatus
CS2.2—1933 Resistance Welding Apparatus
CSS—1934 Standards for Capacitors

Ferrous Metallurgy

Gg.l—1933 Specifications for Zinc (Hot-Galvanized) Coatings on Struc-

tural Steel Shapes, Plates and Bars and Their Products

09.1—1933 Specifications for Carbon-Steel and Alloy-Steel Blooms, Billets

and Slabs for Forgings

Chemical Industry

K15—1933 Methods of Routine Analysis of White Pigments
K16—1933 Methods of Routine Analysis of Dry Red Lead
K18—1933 Methods of Laboratory Sampling and Analysis of Coal and

Coke

Wood Industry

05a—1933
05fl—1933
0512—1933
05gl—1933
0Sg2— 1933

Miscellaneous

Z10g2—1933
Z10g3—1933
ZlOgS—1933

Z11.2-
Z11.3-
Zll.S-
Z11.6-
Z11.13
Z11.29
Z11.30-
Z11.31

Z21.1-
Z21.9—
Z21.ia
Z21.ll-
Z21.12-
Z21.13-
Z21.14
Z21.1S
Z21.16-
Z21.17
Z30.1-

1933
1933
1933
1933
-1933
-1933
-1933
-1933
1933
1933
-1933
-1933
-1933
-1934
-1934
-1934
-1934
-1934
1933

Z31—1933

Ultimate Fibre Stresses of Wood Poles
Specifications for Lodgepole Pine Poles
Dimensions of Lodgepole Pine Poles
Specifications for Douglas Fir Poles
Dimensions of Douglas Fir Poles

Graphical Symbols Used for Electric Power and Wiring
Graphical Symbols Used in Radio
Graphical Symbols Used for Electric Traction Including

Railway Signaling
Viscosity of Petroleum Products and Lubricants
Penetration of Greases and Petrolatum
Cloud and Pour Points
Flash and Fire Points by Means of Open Cup
Sulfur in Petroleum Oils Heavier than Illuminating Oil
Dilution of Crankcase Oils
Precipitation Number of Lubricating Oils
Gravity of Petroleum and Petroleum Products
Approval Requirements for Gas Ranges
Approval Requirements for Hot Plates and Laundry Stoves
Approval Requirements for Gas Water Heaters
Approval Requirements for Space Heaters
Listing Requirements for Draft Hoods
Approval Requirements for Central Heating Gas Appliances
Approval Requirements for Industrial Gas Boilers
Listing Requirements for Gas Burner Valves
Approval Requirements for Gas Unit Heaters
Listing Requirements for Gas Conversion Burners
Rules Governing the Preparation of Micrographs of Metals
and Alloys

Marking of Gold Filled and Rolled Gold Plate .Articles Other
than Watch Cases

Approved as

Amer. Rec. Practice

Amer. Rec. Practice

American Standard
American Standard
.^mer. Tent. Std.

Amer. Tent. Std.

.\mer. Tent. Std.

Amer. Tent. Std.

Amer. Tent. Std.

Amer. Tent. Std.

Amer. Tent. Std.

American Standard

American Standard
American Standard
American Standard
American Standard

American Standard

American Standard

American Standard
American Standard
American Standard

American Standard
Amer. Tent. Std.

American Standard
Amer. Tent. Std.

American Standard

Amer. Tent. Std.

Amer. Tent. Std.

Amer. Tent. Std.

American Standard
Amer. Tent. Std.

American Standard
American Standard
American Standard
American Standard
.American Standard
American Standard

American Standard
American Standard
American Standard
American Standard
American Standard
American Standard
American Standard
American Standard
American Standard
American Standard
American Standard

American Standard
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1

Appendix B

CHANGES IN AMERICAN STANDARDS ASSOCIATION SECTIONAL COMMIT-
TEES ON PROJECTS ON WHICH THE RAILWAY ASSOCIATIONS ARE NOW
COOPERATING

(Revisions of Appendix B, Vol. 3S, page 1075)

C2—1927

ASA Project

National Electrical Safctv

Code
Parts I and III

Parts TT and IV

A.A.R. Div. or Sec. Represented
A.R.E.A. (Const. & Maint. Sec.)

Committee Contact

T Oper.—T. & T. Sec.

IV Eng.—Elec. Sec.

—Sig. Sec.

I Oper.—T. & T. Sec.

IV Eng.—Const. & Maint Sec.—Elec. Sec.

—Sig. Sec.

C8 Wires and Cables, Insu- IV Eng.^Elec. Sec.

lated (Other than Tele- —Sig. Sec.

phone and Telegraph)

Cll—1927 Hard Drawn Aluminum IV Eng.—Com. X—Signals and
Conductors Interlocking

—Elec. Sec.

C35

C42

Rotating Electrical Equip- !V Eng.—Com. XVIII—Electricity

ment for Railway Cars
and Locomotives —Elec. Sec.

Electrical Terms, Defini- IV Eng.—Elec. Sec.

tions of

C44—1931 Rolled Threads for Screw IV Eng.—Sig. Sec.

Shells of Electric Sock- V Mech.
ets and Lamp Bases

CS9

04

Specifications and Meth-
ods of Test for Electri-

cal Insulating Materials

Wood, Methods of Testin'j

I Oper.—T. & T. Sec.

IV Eng.—Sig. Sec.

—Elec. Sec.

V Mech.

IV Eng.—Com. VI—Buildings

Members representing
Railway Associations

G. R. Stewart

J. V. B. Duer
Alt.—L. S. Wells
A. H. Rice
Alt.—J. B. Lamb
H. A. Shepard
W. L. Morse
T. V. B. Duer
G. H. Dryden
Alt.—F. W. Bender

C. B. Martin

J. J. Corcoran

W. H. Elliott

J. S. Hagan

S. Withington
Alt.—J. V. B. Duer
J. E. Sharpley
Alt.—W. S. H. Hamilton

J. H. Davis

H. G. Morgan
Vacant

W. A. Moore
A. J. Patterson
Alt.—W. J. Zane
C. B. Martin
C. B. Martin

W. T. Dorrance
Alt.— T. W. Orrock





REPORT OF COMMITTEE XVII—WOOD PRESERVATION
F. C. Shepherd, Chairman; E. B. Fulks, C. F. Ford, Vice-Ohairman;
Wm. G. Atwood, W. R. Goodwin, F. D. Mattos,
R. S. Belcher, L. B. Holt, L. J. Reiser,

Z. M. Briggs, G. R. Hopkins, Dr. Henry Schmitz,
Walter Buehler, H. E. Horrocks, L. B. Shipley,

C. S. Burt, R. S. Hubley, O. C. Steinmayer,
G. B. Campbell, R. P. Hughes, G. C. Stephenson,
H. R. Condon, M. F. Jaeger, T. H. Strate,

C. C. Cook, A. L. Kammerer, W. A. Summerhays,
E. A. Craft, A. J. Loom, C. Marshall Taylor,
H. R. Duncan, G. P. MacLaren, Dr. Hermann von Schrenk,

Committee.

To the American Railway Etigineering Association:

Your Committee respectfully reports on the following subjects:

(1) Revision of Manual (Appendix A).

(2) Service Test Records for Treated Ties (Appendix B). Progress report.

(3) Piling used for Marine Construction (Appendix C). Progress report.

(4) Effect of preservative treatment by use of— (a) creosote and petroleum, (b)

zinc chloride and petroleum. Progress in study—no report.

(5) Destruction by termites and possible ways of prevention (Appendix D). Prog-

ress report.

(6) Effect on preservative in treated ties in track due to blowing off locomotives

on line of road, collaborating with Committees XHI—Water Service, Fire Protection

and Sanitation; XXII—Economics of Railway Labor, and XXVII—Maintenance of Way
Work Equipment. Progress in study—no report.

(7)' Incising of all forest products material (Appendix E). Progress report.

(8) Investigations being made for the determination of toxicity value of creosote

and creosote mixtures (Appendix F) . Progress report.

The Committee on Wood Preservation,

F. C. Shepherd, Chairman.

Appendix A

(1) REVISION OF MANUAL

O. C. Steinmayer, Chairman, Sub-Committee; E. B. Fulks, R. S. Belcher, C. S. Burt,

Walter Buehler, H. R. Duncan, H. E. Horrocks, M. F. Jaeger, F. D. Mattos, G. C,

Stephenson, L. B. Shipley, Dr. Hermann von Schrenk.

Your Committee has given considerable attention to the revision of the A.R.E.A.

Specifications for Creosote and Methods of Measuring, Sampling and Analyzing of Pre-

servatives, as at present appearing in the Manual and Supplements to the Manual. We
have found that there are certain slight discrepancies between the standard methods of

A.R.E.A., the A.W.P.A. and A.S.T.M. The latter two organizations have, during the

last year or so, improved and revised the various methods. These revisions have, in gen-

eral, been in the direction of editorial changes to improve the language, to bring about

improvements in manipulation and the development of better tolerances.

Some of the recommendations which follow involve clarifying the present A.R.E.A.

Standards in the Manual to bring them in accord with changes already accepted by

the A.R.E.A. This requires the revision of certain paragraphs which up to the present

time have not been attended to.

Bulletin 373, January, 1935.
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With 'the adoption of the suggested editorial changes and the revision of certain

paragraphs, the A.R.E.A. specifications will then be practically in accord with the specifi-

cations now in the Book of Standards of the A.S.T.M. and the Manual of the A.W.P.A.

Your Committee considers these revisions very important, because by adopting same,

the three bodies interested in creosote and its methods of analysis will be in entire

accord.

MEASURING, SAMPLING AND ANALYZING PRESERVATIVES

Present Form
Standard Temperature for

Measuring Creosote

All volumetric measurements of creosote

shall be referred to the volume at 100 de-

grees Fahr. as standard.
In making corrections for volume, the

correction is 1 per cent for every 223^ de-
grees Fahr., equivalent to .00044 per degree
Fahr.

Proposed Form
Volume Correction for Temperature

IN THE Measurement of Creosote

All volume measurements of creosote

shall be referred to the volume at 100 de-

grees Fahr. as standard.

In making volume corrections for tem-
perature, the following table should be

used.
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MEASURING, SAMPLING AND ANALYZING PRESERVATIVES—Continued
Volume Correction for Temperature in the Measurement of Creosote

Proposed Form
Volume Correction Table for Creosote, Creosote Coal-Tar

Solution (up to SO per cent Tar) and Coal-Tar
The observed volume is to be multiplied by the factor corresponding to the

observed temperatures

Observed
Temperature,
deg. Fahr.
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MEASURING, SAMPLING AND ANALYZING PRESERVATIVES—Continued

Volume Correction for Temperature in the Measurement of Creosote

Proposed Form

Volume Correction Table for Creosote, Creosote Coal-Tar
Solution (Up to SO per cent Tar) and Coal Tar

The observed volume is to be multiplied by the factor corresponding to the
observed temperatures

Observed
Temperature,
deg. Fahr.
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SPECIFICATIONS FOR CREOSOTE ANALYSIS

(1) WATER
Proposed Form

Apparatus

A vertical cylindrical copper still wi h

removable flanged top and yoke of the

form shown in Fig. 2 with suitable con-

denser and graduated separatory funnel

shall be used. The approximate dimen-
sions and setup are indicated in Fig. 3. (See

page 1295—1929 Manual, Fig. 2 and 3).

The old paragraph under "Apparatus" referred only to the still. In order to make
the text consistent with the figures, other parts of the apparatus should be referred to

also. This change is an editorial one and does not require any action on the part of the

Association.

Present Form
Apparatus

A vertical, cyUndrical copper still, with

removable flanged top, and yoke, of the

form and approximate dimensions shown
in Fig. 2, shall be used.

See 1929 Manual—Page 1294.

Present Form
Method

When any measurable amount of water
is present in the distillate below 210 de-

grees, on testing in accordance with Section

4, Distillation, the oil and water in this

fraction shall be separated, if possible, and
measured separately. If more than 2 per

cent of water is present, or if the water is

apparently present to an extent in excess of

2 per cent, but an accurate separation is

impossible, the percentage of water pres-

ent shall be determined by the following

method, and the water-free oil so obtained

shall be used in distillation test, as de-

scribed under Section 4.

This will bring the method in accord with the corresponding standards of the

A.S.T.M. and A.W.P.A.
This change is presented for adoption and inclusion in the Manual.

Proposed Form
Method

When any measurable amount of water
is present in the distillate below 210 de-
grees, on testing in accordance with Sec-

tion 4, Distillation, the oil and water in

this fraction shall be separated, if possible,

and measured separately. If more than 3

per cent of water is present, or if the water
is apparently present to an extent in ex-

cess of 3 per cent, the percentage of water
present shall be determined by the follow-

ing method, and the water-free oil so ob-
tained shall be used in distillation test, as

described under Section 4.

(2) INSOLUBLE IN BENZOL
Present Form

Apparatus
(a) Extractor may be of the form

shown in Fig. 4, or any similar form in

which the oil is subjected to direct washing
by the boiling vapors of the solvent.

(b) Filtering medium may be either

two thicknesses of S. & S. 575 or Whatman
No. 5 hardened filter paper, IS cm. in

diameter, arranged in cup-shape by folding

symmetrically; or alundum thimbles, flat

bottom, 30 X 80 R.A. 98. If filter papers

are used, prior to using they shall be
soaked in benzol to remove grease, dried

in a steam oven and kept in a desiccator

until ready to be used. The filter-paper

cup may be suspended in the extractor flask

by a wire basket hung from two small

hooks on the under surface of the metal
cover of the flask.

Proposed Form
Method No. 1

Apparatus
(a) The extractor shall be of the form

shown in Fig. 4 or any similar form in

which the oil is subjected to direct wash-
ing by the vapors of the boiling solvent.

(b) The filtering medium shall be a flat

bottom, 30 X 80 mm. RA 98 alundum thim-
ble. The thimble shall be susi>ended in the
extraction flask either by a wire basket
hung from two small hooks on the under
surface of the metal cover of the flask or it

shall be supported by making perforations

near the upper edge of the thimble and sus-

pending from the cover by German silver

or platinum wire.

(c) The balance shall be accurate to

0.5 mg.
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(2) INSOLUBLE IN BENZOL—Continued
Present Form

If the alundum thimble is used, it may
be supported by making two perforations

in the top of the thimble, and suspending

from the cover by German silver or plat-

inum wires.

Proposed Form
Procedure
An amount of material which shall con-

tain 10.0 hP LO grams of dry oil shall be
weighed into a 100 cc. beaker. Fifty cc. of

pure benzol shall be added and the mix-
ture stirred thoroughly. The solution shall

be transferred at once to a weighed alun-

dum thimble. The beaker shall be rinsed

clean with pure benzol and the washings
added to the thimble. A lid of alundum
ware shall cover the thimble and the latter

shall be placed immediately in the extrac-

tion apparatus. The extractor shall con-
tain a suitable quantity of pure benzol and
be heated sufficiently to boil the solvent.

Extraction shall continue until solvent de-
scending from the thimble is colorless.

Upon removal the thimble shall be dried

at 105 hI 5° C, cooled in a desiccator, and
weighed to constant weight.

Method
Weigh 10 grams of dry oil in 100 cc.

beaker. Add about 50 cc. of pure benzol,

and transfer at once to the filter cup. The
filter cup or thimble is previously weighed,

and the paper cup shall always be kept in

a weighing bottle until ready for use.

Wash out the beaker with benzol, passini

all washings through the filter cup, and
place the latter at once in the extraction

apparatus.

Extractor shall contain a suitable quan-
tity of pure benzol. Sufficient heat to bo'l

the solvent shall be provided by means of

an electric heater or a steam bath.

Continue the extraction until the descend-

ing solvent is practically colorless, and re-

move the filter cup and dry in steam oven
until all solvent is driven off; cool in desic-

cator and weigh. The balance used for

this purpose should be accurate to within

0.5 mg.

^Filter Cup

Figure 4—Extraction Flask

*Method No. 2

Apparatus
(a) 1. Filter flask.

2. Holder for filter crucibles.

3. Acid washed, medium fibre as-

bestos suspended in water.

4. 125 cc. Erlenmeyer flask.

(b) The filtering medium shall consist

of a Coors No. 3 or equivalent Gooch thim-

ble approximately 3.5 cm. in width at the

top tapering to 2 cm. at the bottom with a

depth of 4 cm. containing a mat of medium
fiber, acid washed asbestos approximately

2 mm. in thickness.

(c) The balance shall be accurate to 0.5

mg.

Preparation of the Filter Mat
The Gooch crucible shall be placed in the

suction apparatus and filled with asbestos

suspension. Gentle suction shall be ap-
plied and more of the suspension, if neces-

sary, shall be added to make a mat approxi-
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(2) INSOLUBLE IN BENZOL—Continued

Present Form Proposed Form
mately 2 mm. in thickness. With the suc-

tion still on, the pad shall be washed with
water until all small particles of asbestos

are removed. The crucible shall be dried

at lOS ^= 5° C, placed in a desiccator, and
weighed.

Procedure
An amount of material which shall con-

tain 10.0 zp 1.0 grams of dry oil shall be
weighed into a 125 cc. Erlenmeyer flask.

Fifty cc. of pure benzol shall be added and
the solution stirred thoroughly and h.ated
until it boils. The hot solution shall be
carefully poured into a weighed prepared
Gooch crucible without suction until the
mat is covered. Then gentle suction shall

be applied and the remaining soluti:n added
taking care that the mat is covered with
solution at all times. The Erlenmeyer flask

shall be rinsed clean with pure benzol and
the washings added to the crucible. Benzol
shall be added to the crucible until the de-
scending solvent is colorless. The crucible

shall then be dried at 105 ip 5° C. cooled
in a desiccator and weighed to constant
weight.

* Method No. 1 is the official method and must
be used in any case of dispute. Method No. 2

gives equally accurate results and saves from three
to four hours in time.

In the method as revised, a Gooch crucible having an asbestos fiber mat is substi-

tuted for the filter paper as an alternative, the filter paper having been found to be an
unsuitable filtering medium. The use of the alundura thimble is retained.

This revision will bring the method in complete accord with the methods now stand-
ard in the A.S.T.M. and the A.W.P.A.

This change is presented for adoption and inclusion in the Manual.

(3) SPECIFIC GRAVITY

Present Form Proposed Form
Apparatus Apparatus

(a) Hydrometer shall be of the form (a) Hydrometer shall be of the form
and dimensions shown in Fig. 5. It shall and dimensions shown in Fig. 5. It shall

be standardized at 15.5 degrees Centigrade. be standardized at 15.5 degrees Centigrade.
A set of two with ranges 1.00 to 1.08 and A set of tw^o with ranges 1.00 to 1.08 and
1.07 to 1.15 will suffice. 1.07 to 1.15 wiU suffice.

The following hydrometer tolerances are
permissible:

Length of stem
125 mm.; permissible variation—6.0 mm.

Length of bulb
105 mm.; permissible variation—5.0 mm.

Length of scale

80 mm.; permissible variatirn—4.0 mm.
Diameter of stem

6 mm.; permissible variation—0.5 mm.
Diameter of bulb

22 mm.; permissible variation— 1.0 mm.
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(3) SPECIFIC GRAVITY—Continued

Present Form
Method

(b) Cylinder shall be of the form and
dimensions shown in Fig. 6.

(c) If a very accurate method is de-

sired, the specific gravity may be deter-

mined by means of a pycnometer, or spe-

cific gravity bottle, as shown in Fig. 7, hav-
ing a capacity of at least 25 cubic Centi-

meters.

Proposed Form
Method

(b) Cylinder shall be of the form and
dimensions shown in Fig. 6. (See page 1297
—1929 Manual)

.

(c) If a very accurate method is de-

sired, the specific gravity may be deter-

mined by means of a pycnometer, or spe-

cific gravity bottle, as described in the

standard method for the determination of

the specific gravity of creosote fractions.

1
l'0«

let

u) |.os

1 l-Ofc

•TLOm.m

1
H 6

""z 1

5 „<,

PiG\j»i S • Hveaoi-irrBa

The drawing of Fig. S on page 1297 of the 1929 Manual is to be changed so that

the scale reads up to 1.08 and decimal points inserted after the 1 in all the scale read-

ings.

The tolerances for the hydrometer are those adopted by the A.S.T.M. and the

A.W.P.A. two years ago and are essential to a proper description of the apparatus.

This change is presented for adoption and inclusion in the Manual.

Present Form
Method

See (a) and (b) pages 1298 and 1299 in

1929 Manual.

Proposed Form
Method

(a) The oil shall be brought to a tem-
perature of 38 degrees Centigrade (100 de-
grees Fahr.), and the determination shall

be made at that temperature unless the oil

is not entirely liquid at 38 degrees Centi-
grade. In case the oil requires to be
brought to a higher temperature than 38
degrees in order to render it completely
fluid, it shall be tested at the lowest tem-
perature at which it is completely fluid, and
the reading shall be corrected to 38 degrees
Centigrade by using table entitled "Spe-
cific Gravity Correction Table for Creosote,
Creosote-Coal-Tar Solution (Up to 50 per
cent tar; and Coal-Tar."
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SPECIFIC GRAVITY—Continued
Proposed Form

Method
Correction Table for Creosote, Creosote Coal-Tar Solution

(up to so per cent Tar) and Coal-Tar

Observed
Temperature,
deg. Fahr.
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(3) SPECIFIC GRAVITY—Continued

Proposed Form
Method

Specific Gravity Correction Table for Creosote, Creosote-Coal-Tar Solution

(Up to SO per cent tar) and Coal-Tar.

The portion of the table below should not be used unless the oil is entirely free from crystals

Observed
Temperature,
deg. Fahr.
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(4) DISTILLATION

Present Form Proposed Form

See 1929 Manual— pages 1299, 1300, 1. Scope. This method of test is suit-

1301, 1302 and 1303, and page 63 of Bulle- able for all types and grades of creosote

tin 356. and mixtures of creosote with tars and oi s

used for timber preservation.

I. Apparatus
2. Flask, The distillation flask, Fig. 8,

shall be a side neck distilling flask, havi-g

the following dimensions:

Diameter of bulb (outside)

86 mm. if; l.S mm
Diameter of neck (inside)

22 mm. zji 1 .0 mm
Diameter of tubulature (inside)

10 mm. iji 0.5 mm
Height of flask (outside)

131 mm. ip 1.5 mm
Vertical distance bottom of bulb, outside,

to horizontal tangent at tubulature in-

side 93 mm. qi 1.5 mm
Length of tubulature

220 mm. qz S.O mm
Angle of tubulature

73 deg. T 2 del.

Thickness of tubulature wall

1.0 to 1 .5 mm.
3. Condenser Tube. The condenser

tube shall be a suitable form of taper d
glass tubing of the following dimensions:

permissible

variation

Diameter of small end 12.5 mm. ijz 1.5 mm.
Diameter of large end 28.5 mm. zp 3.0 mm.
Length 360.0 mm. if: 4.0 mm.
Length of tapered part

100.0 mm. If: 5.0 mm.
4. Shield. A galvanized-iron shield,

lined with one-eighth inch asbestos, of the

form and dimensions shown in Fig. 10

shall be used to protect the flask from air

currents and to prevent rad'ation. The
cover (top) shall be of transite boar4 made
in two parts, or it may be of galvanized-
iron lined with one-eighth inch asbestos.

5. Receivers. The distillates shall be
collected in tared Erlenmeyer flasks having

a capacity of 50 or 125 ml.

6. Thermometer. The thermometer
shall conform to the following require-

ments. These specifications cover a total

immersion thermometer graduated in either

Centigrade or Fahrenheit degrees as speci-

fied, the range being from to 400° C. or

,^0 to 760^ F., respectively.

Type: Etched stem, glass.

Liquid: Mercury.
Range and Subdivision: to 400° C. in

1° C. or 30 to 760° F. in 2° F.

Total Length: 378 to 384 mm. (14.88

to 15.12 in.).
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(4) DISTILLATION—Continued

Present Form Proposed Form
Stem: Plain front, enamel back, suit-

able thermometer tubing. Diameter, 6.0 to

7.0 mm. (0.24 to 0.28 in.).

Bulb: Corning normal or equally suit-

able thermometric glass.

..hsiJc Diam.

U-.-i 22mm.tl.0mm.
I L

Fig. 8.—Distillation Flask

Length, 10 to IS mm. (0.39 to O.SQ in.)

Diameter, 5.0 to 6.0 mm. (0.20 to 0.24

in.).

Distance to 0° C. or 32° F. Line from
Bottom of Bulb: 25 to 35 mm. (0.98 to

1.38 in.).

Distance to 400° C. or 752° F. Line from
Top of Thermometer : 30 to 45 mm. (1.18

to 1.77 in.).

Filling above Mercury: Nitrogen gas.

Top Finish: Glass ring.

Graduation: All lines, figures, and let-

ters clear cut and distinct. The first and
each succeeding 5° C. or 10° F. line to be
longer than the remaining lines. Gradua-
tions to be numbered at each multiple of
10° C. or 20° F.

Immersion: Total.

Special Marking: "A.S.T.M. High Dis-

tillation," a serial number and the manu-
facturer's name or trade mark shall be
etched on the stem.

Scale Error: The error at any point of

the scale up to 370° C. or 700° F. when
the thermometer is standardized as pro-

vided below shall not exceed 1° C. or 2° F.

Standardization: The thermometer shall

be standardized immersed in the testing

bath to the top of the mercury column,
at the ice point and at temperature inter-

vals of approximately 50° C. or 100° F. up
to 370° C. or 700° F.

Test for Permanency of Range: After

being subjected to a temperature between
360 and 370° C. or 680 and 700° F. for 24

hours, the accuracy shall be within the

limit specified.
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(4) DISTILLATION—Continued

Proposed Form
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(4) DISTILLATION—Continued

Present Form Proposed Form
The length of the bulb is the distance

from the bottom of the bub to the

beginning of the enamel backing.

The top of the thermometer is the top

of the finished instrument.

11. Preparation of Sample

7. Sample. The sample as received

should be thoroughly stirred and agitated,

warming if necessary to insure a complete
mixture free from crystallized solids, be-

fore the portion for analysis is removed.

8. Dehydration. If the presence of

3 per cent water is suspected or known, the

oil shall be dehydrated before distillation m
accordance with the method described un-
der (1) water. In all cases of dispute the

oil shall be dehydrated before disti.laiion.

III. Procedure

9. Assembling Apparatus. The flask

shall be supported on a tripod or rings over

two sheets of 20-mesh gauze, ISO mm.
square, as shown in Fig. IL It shall be

connected to the condenser tube by a tight

cork joint. The thermometer shall be in-

serted through a cork in the tubulalure

with the bottom of the bulb 12 to 13 mm.
from the surface of the oil in the retort.

The exact location of the thermometer bulb
shall be determined by placing a veracal

rule graduated in divisions not exceeding

1 mm. back of the retort, when the latter

is in position for the test, and sighting the

level of the liquid and the point for the

bottom of the thermometer bulb.

The axis of the bulb through the tubula-
ture shall be vertical.

The distance from the bulb of the ther-

mometer to the outlet end of the condenser

tube shall be not more than 600 nor less

than SCO mm. The burner should be pro-

tected from draughts by a suitable shield

or chimney, see Fig. 11.

10. (a) Distillation Test. One Hun-
dred grams (lOOg. if: O.lg.) of the .sample

shall be weighed into the flask, the appa-
ratus assembled and heat applied so that

the first drop comes over in 10 minutes ip

100 seconds.' The rate shall b3 adjusted

to 90 to 100 drops per minute within 2

minutes after the first drop and shall be
maintained at 80 to 100 drops per minute
throughout the distillation.' The distillate

shall be collected in weighed receivers. The
condenser tube shall be warmed whenever
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(4) DISTILLATION—Continued

Present Form Proposed Form
necessary to prevent accumulation of solid

distillates. Fractions shall be collected at

the points designated by the specifications.

The receivers shall be changed when the

thermometer indicates the dividing tem-
perature of each fraction. When the ther-

mometer indicates 355° C, the flame and
shield cover shall be removed immediately
and any distillate which has condensed in

the condenser tube shall be drained into the
last fraction.

'Thermometei'

Shield-

Pehrh-
12mm. -

Fig. 11.—Distillation Apparatus Assembly

{b) The residue shall remain in the

flask with the cork and the thermometer
in position until no vapors are visible; it

shall then be weighed. The flask shall then
be tipped around so that the res'due will

flow around the sides, thus collecting any
condensed vapors that have collected on
the sides of the flask, after which the resi-

due shall be poured into the brass collar

used in the float test or into a suitable re-

ceptacle and covered. If the residu? be-

comes so cool that it cannot be pnurerl

readily from the flask, it shall be reheated
to a temperature not exceeding 125° C. by
holding the bulb of the flask in a suitab'e

bath and not by the application of flame.

(c) For weighing the receivers and frac-

'

tions, a balance accurate to at least 0.05 g.

shall be used.

{d) During the progress of thi disti la-

tion the theimometer shall remain in its

original iw.'^ition. No correction shall be
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(4) DISTILLATION—Continued

Present Form Proposed Form

made for the emergent stem of the ther-

mometer.

(e) The following fractions should be

reported:

— 210° C. 270— 315° C.

210— 235° C 315 — 355° C.

235 — 270° C Residue.

If the elevation above sea level at which
the distillation is to be made exceeds 1,000

feet, the temperatures at which the frac-

tions are taken should be corrected accord-

ing to the following table:

Temperatures at Which Fractions
Should be Cut to Correct Dis-
tillation Temperatures for

Different Altitudes

Corrections are made to the nearest 1° C.

Elevation
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(4) DISTILLATION—Continued

The A.R.E.A. Method for Distillation has not been revised since 1927 with the ex-

ception of the introduction of the table for altitude. In the meantime, the A.S.T.M. and
A.W.P.A. methods have undergone several changes. The manner of stating the dimen-
sions for the distillation flask has been slightly changed and the thickness of tubulature

wall added. The A.S.T.M. and A.W.P.A. method contains a section on preparation of

the sample which refers to the liquid condition of the oil before sampling and the pres-

ence of water. The addition of this section will greatly improve the A.R.E.A. method.

In the section describing the actual distillation, both the A.S.T.M. and A.W.P.A. have
made changes involving the time of the appearance of the first drop and as to the rate

of distillation. These changes permit better concordance in results as between the dif-

ferent operators.

In 1933, the A.R.E.A. adopted a table giving temperatures at which fractions should
be cut to correct distillation temperatures for different altitudes. This same table ap-
pears in the proposed revision with proper introduction.

These changes are presented for adoption and inclusion in the Manual.

(S) SPECIFIC GRAVITY AT 38°/lS.5° C. OF CREOSOTE FRACTIONS

Present Form,

See Bulletin 347—pages 41 and 42.

Proposed Form

1. Scope.—This method is a conveni-
ent and accurate means of determining the

specific gravity of the relatively small
amounts of distillation fractions of creo-

sote. It is also suitable for creosote oil

and creosote coal-tar solution where only
small amounts are available.

2. Apparatus.—Pycnometers, 10 and
25 ml. capacity with ground glass stoppers
having the usual capillary openings (see

Fig. 7); water bath; thermometer, 0°-80°

C, conforming to the specification given
in (6) Float Test.

Fig. 7.—Pycnometer

3. Calibration of Pycnometer.—Be-
fore making a determination, the pycnom-
eter with stopper shall first be calibrated

as follows: weigh the empty, clean, dry
pycnometer with stopper upon an analyti-

cal balance; fill with freshly boiled distilled

water, bring temperature to 38.0° C. in the

water bath, insert stopper, wipe dry and
weigh.
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(S) SPECIFIC GRAVITY AT 38°/lS.S° C. OF CREOSOTE FRACTIONS
SPECIFICATIONS FOR CREOSOTE ANALYSIS—Continued
Present Form Proposed Form

4. Procedure:

A. Fractions entirely liquid at 38° C.

Heat the fraction until completely liquid

and to a temperature not exceeding 38° C;
pour into the empty, dry pycnometer until

full, avoiding the formation of air bub-
bles; and insert the stopper in the pycnom-
eter, taking precautions to avoid the in-

clusion of air bubbles. Place the filled

pycnometer in the water bath maintained

at a temperature of 38.0° C. ^r 0.1° until

the pycnometer and its contents are at a

constant volume at 38° C; after at least

one-half hour's immersion in the bath, wipe
clean and dry; then weigh.

B. Fractions containing solids at 38° C.

Heat the fraction until completely liquid,

and pour into the empty, dry pycnometer
until about one-half full, avoiding the in-

clusion of air bubbles. Cool to room tem-
perature and weigh. Cover the solid or

partially solid fraction with freshly boiled

distilled water until the pycnometer is

about three-quarters full; place in a water
bath at 90° C. and allow to remain with-
out agitation until the fraction is liquid and
all air is excluded. Cool the pycnometer
and its contents to a temperature some-
what below 38° C; fill the pycnometer
with freshly boiled distilled water, avoid-

ing the formation of air bubbles; and in-

sert the stopper in the pycnometer, taking

precautions to avoid the inclusion of air

bubbles.

Place the filled pycnometer in the water
bath maintained at a temperature of
38.0° C. ip 0.1° C. until the pycnometer
and its contents are at a constant volume
at 38° C; after at least one-half hour's

immersion in the bath, wipe clean and dry;
then weigh.

5. Calculation.— The expression
"38/15.5° C." means specific gravity taken
at 38° C. compared with water at 15.5° C.
This cannot be determined directly. The
specific gravity is first determined at 38° C,
compared with water at 38° C. and this de-

termination represents the relation of the

weight of a volume of oil at 38° C. to the
weight of ,in equal volume of water at the

same temperature. The relation to an
equal volume of water at 15.5° C. is ob-
tained by multiplying the former figure bv
.99393, the density of water at 38° C. com'-

(.99299)
pared to water at 15.5° C, TqqqoTn"
From the foregoing it will be readily seen
that it is incorrect to calculate the specific
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(5) SPECIFIC GRAVITY AT 38° /IS 5 C. OF CREOSOTE FRACTIONS

SPECIFICATIONS FOR CREOSOTE ANALYSIS—Continued

Present Form Proposed Form
gravity of 38°/lS.5° C. by dividing the

weight of the oil taken at 38" C. by the

weight of the water taken at 15.5° C.

Examples are given herewith of the cor-

rected methods of calculation.

A. Fractions entirely liquid at 3S° C.

The weight of the pycnometer is 19.1624;

the weight of the pycnometer fi'led with
water is 43.88.57; the weight of the pyc-

nometer filled with oil is 44.8676:

Specific Gravitv at 38° C./38° C. =
44.8676—19.1624

43.8837 — 19.1624 — ^°"'^^

Specific Gravity at 38° C./1S.5° C. =:

1.0398 X 0.90393 = 1.0335

B. Fractions containing solids at 38° C.

The weight of the pycnometer is 12.6370;

the weight of the pycnometer filled with

water is 22.5 708; the we'ght of the pyc-

nometer partially filled with oil is 17.4962;

the weight of the partially filled pycnom-
eter completely filled with water is 23.0453:

Specific Gravity at 38° C./38° C. =
17.4962 — 12.6370

(22.5708 — 12.6370)—(23.0453 — 17.4962)

=z 1.1082

Specific Gravity at 38° C./lS-S" C.=
1.1082 X 0.99393 = 1.1015.

This revision involves the addition of the method for fractions that are solid at 38° C
in which the pycnometer is only partially filled with creosote fraction. It has been found
that when fractions are solid, the method of completely filling the pycnometer may give

an erroneous result. The A.S.T.M. and the .A.W.P.A. have both accepted this change.

This will not only make the present method more accurate, but will also brirg it in

complete accord with those of the A.S.T.M. and the A.W.P.A.
These changes are presented for adoption and inclusion in the Manual.

(6) FLOAT TEST
Present Form Proposed Form

Float Float

The float shall be made of aluminum The float shall be made of aluminum
alloy and shall be in accordance with the alloy and shall be in accordance with the
following requirements: following requirements:

Min. Normal Max. Min. Normal Max
Weight of float, grams. .37.70 37.90 38.10 Weight of float, grams. .37.70 37.90 38.10

Total height of float, Total height of float,

mm .34.0 35.0 36.0 mm 34.0 35.0 36.0

Height of rim above Height of rim above
lower side of shoul- lower side of shoul-

der, mm 26.5 27.0 27.5 der, mm 26.5

Thickness of shoulder, Thickness of shoulder,

mm 1.3 1.4 1.5 mm 1.3

Diameter of opening, Diameter of opening,

mm 11.0 11.1 11.2 mm 11.0

Height of rim above
water with load of

5.5 grams, mm 7.0 8.5 10.0

27.0



472 Wood Preservation

(6) FLOAT TEST—Continued

The reason for the recommendation of this deletion is that the weight and dimensions

of the fioat, together with its load determines the height of the rim above the water, mak-
ing this requirement unnecessary.

This change is presented for adoption and inclusion in the Manual.

Present Form
(7) COKE RESIDUE

Proposed Form
Standard Method for the Determina-

tion OF Coke Residue in Creosote

See pages 1308 and 1309 of 1929 Man-
ual and page 41 of Bulletin 347.

Hatinum rhodium-

Fig. 14.—Electric Tube Furnace for De-
termining Coke Residue. For 110-volt al-

ternating current, 60 ft. of Nichrome Wire,

No. 17 B. & S. gage will give the required

temperature. The temperature must be

controlled by an external resistance.

{Technical Paper No. 8, Bureau of Mines,

p. 11 (1926)).
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(7) COKE RESIDUE—Continued

Present Form Proposed Form
1. Apparatus

(a) Crucible.—A platinum crucible shall

be used, with tightly fitting cover of the

inverted or capsule type having a depth of

about 1 cm., provided with a hole 2 mm. in

diameter at its center. The crucible shall

have a capacity of 25 to 30 cc. and with

cover shall weigh 25 to 30 g.

(b) Furnace.—A vertical electric tube

furnace of the form shown in Fig. 14 or a

Bunsen or Meker burner may be used.

2. Procedure
The residue resulting from the distilla-

tion test, carried out in accordance with

(4) Distillation, shall be poured directly in-

to the tarred crucible or into a tin box

wherein it may be heated on a water or

steam bath, but not over a flame. One
gram zf: 0.1 g. of the residue shall be

weighed into the covered crucible.

If the vertical electric tube furnace is

used, the temperature of the furnace shall

be controlled by a thermocouple at 950° C.

:p 20° C. The crucible shall be suspended

in the electric furnace for exactly 7 min-

utes, after which it shall be removed, cooled

and weighed.
If a Bunsen or Meker burner is used, it

shall have a free flame at 20 cm. in height.

The crucible shall set in a nichrome tri-

angle with approximately two-thirds of its

height below the triangle and with the bot-

tom of the crucible 6 to 8 cm. above the

top of the burner. Assurance of the de-

sired temperature of 950° C. = 20° C. may
be indicated by the fusion of crystals of

potassium chromate in the crucible when
exposed in the specified position for the

test. The crucible and contents shall be

exposed to the full flame of the burner for

exactly 7 minutes. The test shall be con-

ducted in a part of the laboratory free from

draughts.

3. Calculations
The percentage of coke obtained from the

residue in accordance with Section 2 shall

be calculated to percentage of total oil by
the following formula:

A X B
Coke in oil=—ioo~~

distilled

where A := the percentage residue from oil

to 355° C;
B =: the percentage of coke in the

residue.

Example: With a retort distillation of

29 per cent of residue at 355° C, the resi-

due containing 28 per cent of fixed carbon:

29X28
Coke in oil =

—

r^—= 8.1 per cent
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As an alternate source of heat the A.S.T.M. and the A.W.P.A. methods include the

use of an electric furnace. In order to bring the methods of the three Associations in ac-

cord, it is recommended that the changes proposed be adopted for inclusion in the Manual.

Appendix B

(2) SERVICE TEST RECORDS FOR TREATED TIES

W. R. Goodwin, Chairman, Sub-Committee; Z. M. Briggs, G. B. Campbell, E. A. Craft,

L. B. Holt, R. S. Hubley, A. J. Loom, R. P. Hughes, G. P. MacLaren, T. H. Strate,

W. A. Summerhays.

The table of tie renewals per mile maintained on the various railroads has been re-

vised to include renewals for 1933.

Reports are submitted covering special test tracks on the following lines:

Atchison, Topeka & Santa Fe.

Chicago, Burlington & Quincy.
Chicago, Milwaukee, St. Paul & Pacific.

Chicago, Rock Island & Pacific.

Delaware, Lackawanna & Western.

Through the courtesy of the United States Forest Products Laboratory and the Rock

Island Lines, we submit the data for twelve completed tests on the Chicago, Rock Island

and Pacific Railway.

The above information is offered as a progress report.

3TATKMKNT SHOWING TARIOUS SPECIAL TiSTS AS OF DECarBSR 31, 1933

ATCHISON, TOPEKA & "SANTA FE
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16.25

21.70

20.85

r/tcL

20.97
19.47
19.91
15.85
14,96

15.71
19. i:

22.99
2C.92

21.92
2 J. 48
IJ. jj

20.15
20.29
20.55
16.52
20. 7r

Average
Life to
12-S1-33

5.00

5.00

19.82

10.00
10.00
9.00
8.00

HEWN SOUTHERN
:hllllootho, 111.
:hlllloothe. 111.

A 1925
1926

2104
2424

9.00

10.00
9.00

.,-«. 7.00

VU-, CREOSO-re COAL TAB SOLOTION, 30 i PETROLBOI

None 0.00 8.00

None 0.00 7.00

• 100 ties removed aooount change In line.

Ties wer'j <?ood for further service.
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STATEMEOT SEOWDra VABIOUS SPECIAL TESTS A3 OF DECEMBER 31, 1933

ATCHISON, TOPEEA Sc SANTA FE

Station

Justl06burg, Texas

Justloeburg, Texas

Justioeburg, Texas

Justloeburg, Texas
Texlco-Lubbool£, Texas
Newton, Kansas
Walton, Kansas
Turner-Holllday, Kansas

Plevna, Kansas
Justloeburg, Texas

St. John-SylTla, Kans.
St. John-Sylvia, Kans.
Justloeburg, Texas

UutcbinsoQ, Kans.
Uutoblnson, Ks. M.L.
Plevna, Kansas
Justloeburg, Texas
Newton, Kansas
Cnllllootbe, 111.

Barstow, Calif.

Justioeburg, Texas
Smlthshlre, 111.

Marcel Ine , Mo,
Teoumseh, Kans.
Newton, Kansas

Year
Insert-

ed.

Original
Number
Inserted

Total
Ties
Removed

;5 Ties
Removed
From Traok

SAISN SODTHSRN YELLOW SAP PINE CREOSOTE

1911 376 284

SATO SOOTHEBN YELLOW HEART PINE CREOSOTE

1911
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3TATIMENT SHOWINO TAHIO0S SPECIAL TESTS AS OF DBJEMBER 31, 1933

ATCHISON, TOPKKA & SANTA FE

Tear
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Average Life Untreated Track Ties

Placed in Experimental Track 1909-1910

CHICAGO, BURLINGTON & QUINCY RAILROAD

Total Average
Kind Placed Years

Ash 116 5.1

Beech 208 5.0

Red Birch 217 3.6

Chestnut 259 9.7

Cottonwood 86 2.9

Cypress 225 8.3

White Elm 191 5.3

Hemlock 190 4.9

Hickory 110 5.5

Loblolly Pine 248 S.3

Hard Maple 122 4.7

Soft Maple 125 3.6

White Oak 125 11.1

Red Oak 204 5.3

Pin Oak 126 6.3

Poplar 126 5.3

Red Gum 152 4.1

Sycamore 131 3.3

Tamarack 175 5.1

Tupelo Gum 136 3.5

3272 5.6
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CHICAaO, 3UELINCT0N i QUBfCY RAILROAD
REPORT ON SPECIAL I'^.ST TRA3KS—SmOlARY OF 1933 INSPECTION

RESULTS OF 24 YEAS3' 3ERVICK
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THE DELAWARE, LACKAWANNA AND WESTERN R. R. CO.

OFFICE OF TRACK ENGINEER HOBOKEN, N. J., MARCH 19, 1934

Statement of Treated and Untreated Ties Installed in Lackawanna Railroad of New Jer-

sey and Treated Ties Removed Showing; Causes of Removal as of Dec. 31, 1933

Main Track Mileage:

New Jersey 54.88

Pennsylvania 2.18

Total Main Track Mileage 57.06

Third Track Mileage:
New Jersey 1 .00

Fourth Track Mileage
New Jersey 26

Side Track Mileage:

New Jersey 1 1 .70

Pennsylvania 1.31

Total Side Track Mileage 13.01

Total Mileage All Tracks 71.33

TIES INSTALLED:
Treated in New Jersey (1910 and 1911) 189,039
Treated in Pennsylvania (1910 and 1911) 9,250

Untreated Ties in New Jersey (1910 and 1911)

198,289

906

Total Ties (Original Installation) 199,195

Treated Ties installed account of 20 ties to 33 ft. rail and removal of
switches, etc., as of Dec. 31, 1933 21,399
Total All Ties in Track Dec. 31, 1933 220,594
Number of Treated Ties removed during the twenty-two and twenty-
three year period 92,185 due to all causes.

TREATED TIES REMOVED:

Year
Removed

1915 ..

1916 ..

1917 ..

1918 ..

1919 ..

1920 ..

1921 ..

1922 .

.

1923 .

.

1924 ..

1925 ..

1926 ..

1927 ..

1928 ..

1929 ..

1930 ..

1931 .

.

1932 ..

1933 .

.

Decay and
Physical

Defects

... 4.5

. . . 15

. .. 10

Causes of Removal

35

65

3,30

Total 498

Mechanical
Destruction

42
4381
2890
2972

1047
2477
6878
6115
9284
llSll

7889
10537
9988

13156

Wrecks and
Other Causes

65

208
18

32

240
369
60

263

300
86

30

10

839

89167 2520

Total

108

223
28

32

35

282

4815
2950
3235

1347

2563
6908
6445
9294
11511

8728
10537

9988
13156

92185

Percentage of Treated Ties Taken Out on Basis of Original Installation: 46.27 per cent
Percentage of Treated Ties Taken Out on Basis of Dec. 31, 1933: 41.78 per cent
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ON THE SERVICE LIFE OF BEECH TIES IMPREGNATED
WITH CREOSOTE

Review by Dr. Hermann von Schrenk

Under the above title, Professor J. Liese of the Eberswalde Forestry Experiment

Station has recently published a very interesting paper* giving the results of the service

life of a considerable number of beech ties treated in 1897 and laid in 1897 near Ebers-

walde in the Main Line of the German Railways. In 1906, this particular track was re-

built due to changes of elevation. The experimental ties were accordingly removed and

relaid in the line between Eberswalde and Stettin. In 1926, after having been in service

for 29 years, they were again removed from track and were relaid in the order of the

various series in track between Neustettin and Stolp in Pommerania. This last location

has a smaller amount of traffic than in previous locations (six passenger trains, 30 miles

per hour and four freight trains 18 miles per hour, per day).

This test consisted of seven series of 70 ties each (except in one case where there

were only 35 ties). Series 1, 2, 5 and 6 consisted of ties manufactured from trees cut

in the winter months and series 3, 4 and 7, consisted of ties cut in the summer months.

In series 5, there were many ties which were cut from old trees both entirely free from

red heart** and series 6 in which there were a good many ties cut from old trees with

weak red heart. In series 1, 2, 3 and 4, ties were made from trees of average age without

any red heart indications whatever. Of the ties cut in the summer, series 3 consisted of

ties manufactured from trunks of felled trees which were allowed to remain in the forest

four weeks with leaves and branches so as to cause very rapid drying. In series 4, the

tree trunks were cut into ties immediately after felling. The treatment was carried out,

in most cases, after six months air seasoning of ties except in series 1 and 3 where it was

anticipated they should be treated shortly after felling, but, due to high water content of

ties, it was not possible to do this, consequently, all the ties were practically air seasoned.

Series 1 to 6 were treated with the then prevalent specification distillate coal tar creosote,

(specific gravity 38°/15° C. 1.05-106) while series 7 was treated with a mixture of zinc

chloride and creosote. Incidentally, there were two additional series 8 and 9 which were

treated with the then highly advocated Hasselmann Process, known in the United States

as the Barshall Process. All of the ties of these two series were removed in 1907 on ac-

count of decay. These ties were carefully inspected in 1Q27, 1930 and 1933.

Dr. Liese then gives the results of the last inspection in considerable detail. Each

series is accompanied by a typical photograph showing the present condition of these

36 year old ties. The following is a brief abstract of the results.

Series 1—Ties cut in Winter, no red heart. One tie out of the 70 removed in 1926 on

account of decay in the central portion of the lower side of the tie. This tic

proved to have considerable red heart in it which had been overlooked at the

time of the original installation.

Series 2—Sound wood cut in the Winter without any red heart. Of the 70 ties all arc

still in service in excellent condition.

Series 3—Ties cut in Summer, no red heart. Trees were allowed to remain in the forest

for four weeks with branches and leaves. Of the 70 ties, one tie was removed
in 1926 on account of decay in the middle of the tie. It was noted in this

series there were deeper checks on the surface than in series 1 and 2.

• "ZEITSCHRIFT FUR FORST-und J.\GDWESEN". February. 1934, pages 79-88.

•• "red heart" is the term applied by thp German forester? to a coloririK in the heart of beech which
makes it practically impossible to obtain any penetration with creosote or other liquids. It should also

be pointed out that the heartwood of the German beech is penetralile unless it be of the red heart type,
in which case it is not penetrable.
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Series 4—Summer cut ties manufactured from trunks immediately after felling. Prior

to 1923 seven (7) ties had been removed on account of Decay. In the recon-

struction in 1926, two additional ties were removed and in 1930 three additional

ties were removed. All of these ties showed poor penetration of creosote. As
in series 3, more checks were noted in this series than in the winter cut series.

Series S—Ties from 160 year old trees without red heart cut in the winter. Of the 35

ties in this series none have been removed and all are in excellent condition.

Series 6—Ties made from 160 year old trees showing early indications of red heart. Ties

cut in the winter. In this series, two ties were removed prior to 1923 on ac-

count of decay. In the reconstruction of 1926, six additional ties had been re-

moved and in 1930 one additional tie was removed on account of decay. In

connection with this series, Dr. Liese gives a rather careful analysis of the re-

moval of these ties, dwelling particularly on the effect of red heart in connec-

tion with penetration and the presence of creosote.

Series 7-—Summer cut ties treated with a mixture of zinc chloride and creosote. Up to

1923 one tie was taken out on account of decay, two additional ties were taken
out in 1926, five more in 1930 and one in 1933. In other words, a total of

nine (9) have been removed. The remaiivlor do not look very good. There
are numerous checks and some signs of decay so that in all probability many
more will come out in the near future.

Dr. Liese then discusses the results, some of the high spots of which are herewith given:

"We now take the results of this test section and find that after a service life of

thirty-six (36) years, the ties which were cut during the winter and which were free

from red heart are all in a very excellent condition. Of the 175 ties in series 1, 2 and
5, only one had to be removed on account of decay and that was due to the presence

of red heart on the underside of the tie. The ties are so good, that it is fair to

assume that they will give at least ten more years of life and probably more and
that one may reasonably assert that the average length of life of these ties will prob-
ably reach fifty (50) years.

"Referring to the cutting of ties in the summer months, it may be remarked that

ties cut from trunks which were allowed to remain in the forest four weeks with
branches and leaves may be called very good. There are to be sure more checks on
them than in the winter-cut ties but these are not material. On the other hand, the

ties cut from summer cut trees which were manufactured into ties at once are much
worse than the winter cut ties. Twelve of the 70 have already been removed be-

cause of decay, to say nothing about a very heavy formation of splits and checks
and the appearance of small decaved spots on the surface. They are the worst ties

of the lot."

Dr. Liese then points out that recent investigations (as we have frequently determined

in the United States) have indicated the danger of sap decay immediately following

cutting.

All of these ties in this test section were treated by the Full Cell Process. In other

words, each tie received approximately 81 to 88 lb. per tie of creosote, equivalent to ap-

proximately 9 to 10 gallons per tie. Dr. Liese points out that with the smaller amount of

oil now retained (Rueping process) that is 16 kilograms, equal to about 35 lb. to the tie,

or about 3 gallons, a totally different situation is brought about. Dr. Liese points out

therefore that the long length of life of ties laid in 1897 would probably not be obtained

with ties laid beginning in 1908 with the smaller amount of oil retention. He also em-

phasizes the fact that in spite of results obtained from series 3 (the summer cut ties)'

the German Railways refuse to receive any summer cut ties whatsoever at the present

time. The paper ends with the following interesting paragraph:

"In conclusion, the exceptionally good qualities of the material used in treatment

of these experimental ties must be mentioned. The creosote,* which compiled with

specifications of the German Railway System, together with proper handling of the

wood and thorough impregnation, has to date protected these ties for 36 years and

* This was the type of creosote known in the United States in the early days of tie treatment as

"German Oil", a distillate oil having a specific gravity at 38°/lS.S° C. of from 1.05 to 1.06.
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will probably continue to protect them for several additional ten-year periods against

attack by fungi, in spite of the unfavorable condition of the soil, the use of gravel

ballast and that they were exposed to all kinds of weathering influences. The aver-

age length of life of these ties must be taken as higher than has hitherto been as-

sumed for beech ties (namely 30 years). No other timber preservative is known
from which such effective results have been obtained. In this connection it should

be remembered, that in late years the creosote used has been improved in that its

volatility has been reduced by the adoption of the recent specification reducing the

per cent distilling at 235° C. from 25 per cent to 20 per cent. The creosote which i-

being used at the present time according to the specification of the German Railway

System therefore has a higher protective value than was the case with oil used at the

time of treatment of these test ties. In order to obtain a long protection such as this

one must see to it that as many cell walls are thoroughly impregnated with creosote

as is possible; on this account it is believed that all kinds of wood which are free from
heart or those with a wide sap ring are particularly adapted to the impregnation of

coal-tar creosote according to the Rueping process and may then be regarded as well

protected."

Appendix C

(3) PILING USED FOR MARINE CONSTRUCTION

Wm. G. Atwood, Chairman, Sub-Committee; C. S. Burt, C. C. Cook, H. R. Condon,

G. R. Hopkins, H. E. Horrocks, M. F. Jaeger, A. L. Kammerer, C. M. Taylor.

The Committee submits herewith its report of the present condition of the long-time

test pieces under its observation, a description of the severe attack of marine borers at

hitherto immune locations in New England and such other pertinent information as has

come to its knowledge. .

Tropical Timber

All test pieces except the Turpentine Wood at Charleston and those in the Panama
Canal Zone have been lost. The Panama reports will be found below.

Turpentine Wood (Syncarpia laurijoUa)

U.S. District Engineer, Charleston, S.C. Submerged at Castle Pinckney, June 24,

1925. Inspected August 1934. Attacked on ends and surface by teredo and limnoria

about 25 per cent of solid wood remains.

Fig. 1.— Balboa, Canal
Zone. Turpentine Wood Sub-
merged April 19, 1929.

Balboa, C.Z. Much marine growth. There are numerous teredo holes particularly

along and close to the edges, one face quite peppered with them; also many pholad holes.

Limnoria almost nil. A section was cut from the end (Fig. 1). All the teredo in this

section to the end or about the drilled hole, not deep in, and none large in size. Several

Martesia were recovered. The timber is hard and in excellent state except for the limited

areas noted above.
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Turpentine Wood submerged April 19, 1929. Condition somewhat better than above.

More damage by Pholads than teredo.

PANAMA CANAL

Through the courtesy of Colonel Julian L. Schley, Governor of the Panama Canal

Zone, we are able to present the following report on tests being made at Balboa:

"With reference to your letter of August 11, 1934, relative to the annual inspection

of timbers undergoing test for resistance against marine borers, I have to advise that thj

inspection was performed by Mr. James Zetek on August ISth and under date of Au-
gust 23d he has submitted the following report with the attached photographs:

" 'Marine growth' in this report includes such organisma as sponges, coelen-terates

(hydroids), ascidians, bryozoans, brachiopods (Discinisca cumingii), 'worms', such mol-

lusks as oysters, Vermetids, Anomia, Crepidula, Crucibulum, etc., as were found on the

surfaces of timbers. This year there was much growth, especially oysters, and some of

the chains were very heavily encrusted.

"Unless gribble is mentioned, it was either absent or else its work was negligible.

"The two wood-boring pholads Martesia and Xylophaga, were again plentiful, some
timbers suffering much more from them than from the teredo. An occasional Lithophaga

(which frequently burrows into the rocks) was found in the timbers.

"The dominant teredo was Neobankia zeteki Bartsch, almost to the exclusion of all

others. Teredora panamensis Bartsch was found in very limited number.
"The following tests were Closed Out at this time:

1611-6, Ingiebarki, Licania hetercmorpha Bentham
1627-8, Alazano, Calycophyllum candidissium (Vahl.) DC
1711-18, Chemical Warfare Service E-17 (petroleum residue plus 2.5 per cent

dinitrophenol)

1713-20, Chemical Warfare Service G~17 (petroleum residue plus 0.87 p^r cent

diphenylaminochlorasine)

1642-28, special fir test board, closed out last year (BP LSOOl-65)

"The following could not be located as they had become separated from the chain

and no doubt are buried in the mud: 1715-31, 1716-32, 1717-33, all three Panama Canal

copper cement paint.

(A) UNTREATED TIMBERS

"Greenheart, (Nectandra rodioe,) from Demarara; No. 1604-1; 8" X 8" X 24"; sub-

merged September 13, 1923. Much marine growth, including oysters, and large number
of teredo holes. Although sections were cut in 1932 and 1933, another section was cut

this year. In the cut face (see photo No. 2) most of the teredos were close to the very

end and the four sides, were small, and those in the end were newcomers since August,

1933. There were also many large teredo tubes. Several Martesia and Xylophaga were

recovered and one juvenile Lithophaga. The timber is not as yet thoroughly honey-

combed, but it is evident that our teredos are encountering no difficulty. Cutting off sec-

tions each year for three years is of no benefit to teredos. (See report of August 21,

1933, and photograph of No. 18 in same, for comparison).

"Greenheart, (Nectandra rodioe,) from Demarara, Light Brown Heart; No.
1638-23; 8" X 8" X 31", submerged July 18, 1932. Considerable marine growth and
some silting. One face is remarkably clean of growth, probably because of currents. Not
much evidence of gribble. There are many small holes on all sides, definite indications of

teredos at work within. The timber is not yet honeycombed. No section was cut.

Two year record only.

"Greenheart, (Nectandra rodioe,) From Demarara, Dark Brown Heart; No. 1639-

24; 8"X8"X3r'; submerged July 18, 1932. Considerable marine growth on all but

one face which is remarkably clean. Some silting. Many teredo holes on sides and end.

A 3-in. section was cut from the end. The end shows many small teredo holes but the

general appearance is misleading. The cut face (photograph No. 1) tells the true story,

and no doubt if sections were cut from 1638 and 1640, the picture would be the same.

Upon dissection, innumerable very small (juvenile) teredos were found within 1-in. of the

very end, but along the edges and sides, larger individuals were present. The cut face

shows quite a number of fairly large teredo tubes,—rather rapid progress for only two
years.
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"Greenheart, (Nectandra rodioe,) from Demarara, Yellow Heart; No. 1640-26;

8" X 8" X 31"; submerged July 18, 1932. This is much like the others, considerable ma-
rine growth, especially oysters on the end. Martesia and Xylophaga present but not

abundant. No section was cut, but the surfaces are literally peppered with the small

holes of teredos. The timber is not yet honeycombed.

"Yellow heart, light brown heart, or even dark brown heart, or any other colored

heart, means nothing to the teredo.

"Greenheart, (Nectandra rodioe,) from Panama Canal stock; No. 1636-36;

4"X8"X24"; submerged September 26, 1931. Considerable marine growth, especially

oysters, on all but one 8 in. face which was quite clean. Inasmuch as a 3 in. secticn

was cut last year, no new one was cut this year. There is no marked external change in

the teredo or pholad picture, but inside no doubt the teredos are further along than a

year ago.

"Anoura, (Conepia sp.) from Dutch Guiana; No. 1609-2; 8"X8"X24"; sub-

merged September 13, 1933. Gribble damage much more pronounced. Considerable

marine growth, especially on end from which a section was cut last year. Both pholads

present in considerable number. Teredo picture must as last year, animals confined close

to surfaces, none apparently very large. No new section was cut. The timber is very

hard and except for the damage done to the surfaces by gribble and pholads, the wocd
is sound.

Fig. 2.—Coco Solo, Canal Zone. Remaining Test Pieces Chemical Warfare

Service—Series No. 1.

"Basralocus or Angelique, (Dicurynia paraensis Bentham) from Dutch Guiana;

No. 1612-3; 8" X 8" X 24", submerged September 13, 1923. There was considerable

marine growth on all surfaces and ends. Gribble work was general on all surfaces, but

not deep. Pholads plentiful, confined clo.sc to the surface. Teredos all smill, few in

number, confined very close to the surfaces. The timber is in \cry good condition other-

wise, the center hard and sound. No section was cut.
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"FOENGO, (Parinarium eampestre Aubl.,) from Dutch Guiana; No. 1608^; 8" X
8"X24"; submerged September 13, 1923. Abundant marine growth on all sides, and
especially oysters on end from which a section was cut last year. Martesia and
Xylophaga plentiful, close to surfaces. There is more gribble damage. Teredos are

plentiful, though small in size and confined close to the surfaces. Otherwise the timber
is sound and hard.

"Sponse Hoedoe, (Licania marcrophylla Bentham), from Dutch Guiana; No. 1610-

S; 8"X8"X24"; submerged September 13, 1923. Fair amount of marine growth.
Gribble damage more than last year, but not very deep. The pholads Martesia and
Xylophaga are very abundant. Teredos not numerous, are small, and are confined close

to the surfaces. Otherwise the timber is very sound and hard.
"Ingiebarki, (Licania heteromorpha Bentham), from Dutch Guiana; No. 1611-6;

6]^" X 7" X 24"; submerged September 13, 1923. There was much marine growth es-

pecially of sponges and oysters. Pholads plentiful. Gribble very destructive. The tim-

ber was in such bad shape that it was thought best to close the test and dissect the tim-

ber. The photographs (8, 9, 10) show the condition of the wood. There were many,
very many, teredos about the drilled hole, also along the sides, but these went in only

from one-half to ©ne inch, were mostly small, a few only as much as % "i- i" diameter.

There were many Martesia in the wood. The rest of the timber was still very good and
perhaps if treated it would have withstood marine borers very much better, certainly

for a longer period, though this wood probably would show poor penetration of pre-

servatives, (see report of August 23, 1931, photographs of end and cut section, also

report of August 21, 1933 and the two photographs therein, for comparison). Closed.
"Manbarklak, (Eschwilera longipes Miers.,) from Dutch Guiana; No. 1613-7;

8" X 8" X 24"; submerged September 13, 1923. Much marine growth, especially oysters

on the end from which a section was cut last year. Pholads (Martesia and Xylophaga)
more plentiful and most of the damage seen is due to them and not to the teredo.

Teredos all small, not numerous, confined close to the surfaces. Gribble work almost nil.

Except for the pholad damage, the surfaces are in good shape and in general the timber
is very sound.

"Alazano, (Calycophyllum candidissium) (Vahl.) DC, from Panama; No. 1627-8;

6"X6"X30"; submerged October 17, 1929. Considerable marine growth. Photo-
graphs 5, 6 and 7 speak with force. The surfaces were peppered with large pholad
holes, of both species, and tiny teredo holes. The split section showed how thoroughly
the timber was shot to pieces, and it had already reached a ripe, putrid state within.

Some of the teredo burrows were Yz in. to ^^ in. in diameter. This timber is reputed
to be teredo-proof but it certainly is not. Closed.

"Malabayabas, from the PhUippine Islands; No. 1606-9; 12" X 12" X 13"; sub-

merged September 13, 1923. This timber is very heavy. Marine growth abundant, es-

pecially oysters on the end from which a section was cut last year. Gribble not serious.

Martesia and Xylophaga rather plentiful. Teredos all small, not abundant, and confined

close to the surfaces. Otherwise the timber is very sound.
"Kajol Lara, (Metrosideros sp.,) from the Celebes; No. 1615-11; 6^4" X 6/4" X

30"; submerged October 26, 1925. Surfaces quite clean, very little marine growth ad-
hering. The end from which a section was cut last year has many oysters and other

marine life. The two pholads are much worse than last year. Teredos are apparently
few in number, very small, and confined close to the surfaces. Gribble not serious.

Otherwise the timber is very sound.
"Kajol Malas, (Parastemon urophyllus,) from Sumatra; No. 1616-12; 6" X 6" X

30"; submerged October 26, 1925. Fair amount of marine growth on all surfaces. Few
pholad holes. Gribble present but surface destruction not severe. A 4 in. section was
cut from the end. No photograph was taken of the cut end because it was absolutely

clean. In this block only two Martesia were found. There were very few teredos, all

very small, and all within % in. from the surfaces. (I mean they went in no further

than this.) The timber is otherwise very sound, in fact mollusk and gribble damage is

confined very close to the surfaces. Treatment may suffice to keep even these few away.
"Kolaka, from the Celebes; No. 1637-13; 6" X 6" X 30"; submerged April 15, 1932.

The surfaces are unusually clean, very little marine growth, not even oysters, nor were
many on the end from which a section was cut last year. No evidence of pholads.

Teredos very few, all very small, and very close to the surfaces. The timber is very hard

and sound, the grain much gnarled in places. While the timber is only two years in the

test, and hence not long enough to warrant any conclusions, it certainly is behaving
splendidly so far.
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"Alcornoque, (Dimorphandra mora B. & H.,) from Panama. All Heartwood; No.
1617-14; 6"X6"XS3"; submerged November 22, 1927. Much marine growth on all

sides and end. Several pholad cavities but not many. Surfaces appear to be quite

sound. Teredo holes not numerous. Gribble practically nil.

"In 1932 a S in. section was cut from the end. This year a 6 in. section was cut. No
photograph was taken because the cut surface is absolutely sound. In fact, in this 6 in.

section there were only 6 small Martesia and 2 small Xylophaga, and as to teredos, these

were very few in number, all very small, and confined close to the surface. This un-
treated Panama timber has a record of nearly 7 years and is in excellent condition. If

sapwood instead of heartwood, the story would not be so interesting.

"Brush-Box, from New South Wales; No. 1625-22; 6"X6"X24"; submerged
April 19, 1929. There was considerable marine growth especially on the end, and a fair

amount of pholads in the wood. Gribble damage slight. Teredo holes plentiful. The
timber, however, appears to be in good condition.

"A 3 in. section was cut from the end. The cut end (photograph No. 4) is in re-

markably fine shape, only destruction being close to the sides. Upon dissection about
10 Martesia and 3 Xylophaga were found. Teredos were only near the end or sides of the

timber, and while numerous, nearly all were very small, only a few ^ in. to 3/16 in.

in diameter.

"The wood is remarkably sound, very hard and with a twisted grain to it. If in S

years this is all the headway teredos can make, then brushbox, if given a surface treat-

ment, or if impregnated, should give long, good service. Whether easily obtainable, or in

large sticks, or whether there are difficulties in working it, I do not know. See report of

August 23, 1931 and the photos therein for comparison with this year's picture.

(B) TREATED TIMBERS

"Amarillo, (Chlorophora tinctorea,) from Panama, treated with A.R.E.A. No. 1

coal-tar creosote; No. 1630-30; 9J^" X 12^" X 9 ft.; one end scarfed after treatment;

submerged Sept. 30, 1930. As noted in previous reports, scarfing after treatment exposes

to teredo attack wood that has less treatment. In general the timber is in extra good
condition. The scarfed area shows numerous teredo holes. There is much marine
growth and some mud and silt.

"A 4 in. section was cut off of the end which was scarfed. This will expose to attack

parts that have much less penetration of creosote. The cut face of the section cut off

shows the end of a teredo tube that evidently had started from the scarfed area. No
other signs of teredos were found in this 4-in. section. No pholads. It was, if anyth'ng,

in perfect condition, and speaks most well for this native timber. In fact, with such
good behavior for four years, as compared to that of greenheart, there is no room for

comparison. However, for best service, timbers should be treated after cut to size and

with holes, etc. already drilled. The cut section shows very good penetration of creosote.

"Panama Canal Copper Cement Paint Treatment. As explained in the 1933 report,

seven (7) tests were installed April 20, 1933. All were given a surface treatment. The
preparation used was: 8-lb. of ground copper cement (similar to cold treater dust), one
gallon of pine tar,—the tar was heated and the cement added, stirred, and diluted w'th
gasoline till thin enough to apply cold. The coating is thin and rubs off easily. It is

doubtful if it will last long or amount to much. It is difficult to make a satisfactory

examination because the surfaces cannot be scraped or cut as this would expose un-
treated timber. The mixture might be useful as a filler between joints or cracks. As a
timber treatment it lacks essential qualities. For brevity, these tests are here shown as

P.C. Cu Cement Paint.

"P.C. Cu Cement Paint, No. 1714-29, creosoted fir, Panama Canal stock, ends onV
coated with the paint. Size 3" X 12" X 30". Considerable marine growth. A very
superficial examination shows no teredo or pholad indications. This particular samp'e
was floating on the surface, the iron weight having become loosened since last Aujrust.

"P.C. Cu Cement Paint, No. 171S-31, creosoted fir, Panama Canal stock, ends only

coated with the paint. Size 3" X 12" X 30". This timber was not located. It had been
attached to the chain with a steel wire which since last August corroded and had gone
to pieces, so that the timber is probably resting in the mud at bottom of recess.

"P.C. Cu Cement Paint, No. 1716-32, untreated fir, Panama Canal stock, coated
all over with the paint. Size 6" X 6" X 30". Same story as 1715-31.
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"P.C. Cu Cement Paint, No. 1717-33, untreated yellow pine, Panama Canal stock,

coated all over with the paint. Size 6" X 6" X 30". Same story as 1715-31.

"P.C. Cu Cement Paint, No. 1718-34, untreated almendra, Panama Canal stock,

coated all over with the paint. Size 6" X 6" X 30". Considerable marine growth, es-

pecially oysters. Only a very superficial examination could be made. Timber appar-

ently sound.

"P.C. Cu Cement Paint, No. 1719-35, untreated greenheart, Panama Canal stock,

coated all over with the paint. Size 6" X 6" X 30". There was some marine growth,

not much. Only a very superficial examination could be made. Timber apparently

sound."

"In the above report, as in previous reports, the identifying numbers of the speci-

mens consist of two parts, namely, that before the dash indicating the Panama Canal

test number, and that after the dash indicating the rack in which installed as shown on

attached blueprint of Drawing No. 15001-65."

CHEMICAL WELFARE SERVICE SPECIMENS

Series No. 1

These pieces were treated in 1924-25 by the Chemical Warfare Service in their experi-

mental plant at the Edgewood Arsenal with the following compounds:

No. 1. :—1 per cent solution of ammoniacal copper carbonate.

No. 2. :—1 per cent dyphenalamine chlorarsene in creosote.

No. 3. :—-0.75 per cent dyphenalamine chlorarsene and 0.5 per cent phenyldichlorar-

sene in fuel oil.

Inspection reports follow:

No. 1 Treatment:

Tests have been discontinued on account of loss or destruction of test pieces ex-

cept at:

San Juan, P.R. Submerged 1925. Inspection August 23, 1934, showed a limnoria at-

tack with a light teredo attack. Very little change in the last year.

U.S. Fleet Air Base, Coco Solo, C.Z. Submerged 1925. Teredo and limnoria attack

has increased considerably. (Fig. 2).

Oakland Pier—Southern Pacific Co. Submerged July 21, 1025. Inspection in S:p-

tember, 1934 showed a light limnoria attack on the ends. No change since 1932.

Peralta Slip—Southern Pacific Co. Submerged at Port Costa, July 22, 1925, m:ved
to Peralta, September, 1930. No fresh attack in addition to the moderate attack of 1933

No. 2 Treatment:

Castle Pinckney, S.C. U.S. District Engineer. Submerged June, 1925. Test pieces

were heavily attacked and have disappeared.

U.S. Naval Air Station, Pensacola, Fla. Submerged July 8, 1925. Moderate attack

by limnoria on the ends.

U.S. Fleet Air Base, Coco Solo, C.Z. Submerged 1925. Covered with marine

growth. Specimen is still in very good condition except for the slight attack by limnoria

around a knot as reported last year.

Oakland Pier, Southern Pacific Co., submerged July 21, 1925. No attack.

Peralta Slip. Submerged 1925 at Port Costa, moved to Peralta St. in 1930. Very

light limnoria attack on the sides in addition to the spot reported in 1933.

Puget Sound Navy Yard. Submerged in 1925. No sign of borer attack.

No. 3 Treatment:

All test pieces except those at San Francisco have been destroyed.

Oakland Pier—Southern Pacific Co. Submerged July 21, 1925. Moderate limnoria

attack on the end and light attack on sides.

Peralta Slip—Southern Pacific Co. Submerged July 22, 1925, moved to Peralta St.

1930. Heavy limnoria attack all over to a depth of from J4 *"• to 5^ in.
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CHEMICAL WARFARE SERVICE

Series No. 2

These test pieces were treated at Edgewood Arsenal in 1931 with the following ma-

terials:

A A.R.E.A. No. 1 Creosote.

B A.R.E.A. No. 1 Creosote with 0.71 per cent methylarsenious oxide.

C A.R.E.A. No. 1 Creosote with 0.77 per cent diphenylamine chlorarsene.

D A.R.E.A. No. 1 Creosote with 2,5 per cent dinitrophenol.

E Petroleum residium with 2.S per cent dinitrophenol.

F Petroleum residium with 0.8 per cent methylarsenious oxide.

G Petroleum residium with 0.87 per cent diphenylamine chlorarsene.

Inspection reports follow:

A TREATMENTS:
Fort Tilden, N.Y. Slight limnoria erosion on ends of pieces. The control pieces

were heavily attacked by both limnoria and not so heavily by teredo.

Castle Pinckney, S.C. Very slightly attacked on ends and sides by teredo. Control

pieces heavily attacked by teredo and less by limnoria.

Naval Air Station, Pensacola, Fla. Noticeable attack by limnoria on the ends. Con-

trol pieces were heavily attacked by teredo and limnoria.

Balboa, C.Z. Light attack by limnoria but no appreciable injury. Attack on con-

trol pieces by pholads, teredo and limnoria very heavy.

San Juan, P.R. Slight limnoria attack on one piece, none on the other. Control

piece heavily attacked by teredo and limnoria.

Oakland Pier—Southern Pacific Co. No fresh attack in addition to slight attack

of 1933. Control pieces showed a moderate limnoria attack and a light teredo attack.

% "
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Peralta St. Wharf—Southern Pacific Co. No fresh attack. Control piece showed
fairly heavy limnoria and teredo attack.

Puget Sound Navy Yard. One piece had a few entrance holes of Bankia in the end,

the other had been heavily attacked in the same manner and was split. (Fig. 4). Con-
trol pieces heavily attacked by Bankia (Fig. 5).

Pearl Harbor, H.I. Navy Yard. Both pieces had a fiw holes, apparently teredo in

the ends, with the sides practically intact. Control pieces were destroyed.

Cavit, P.I. Naval Station. No report received.

B TREATMENTS:
Fort Tilden, N.Y. Slight limnoria attack on one end of one piece and on both ends

of the other.

Castle Pinckney, S.C. Both pieces slightly attacked by teredo on the ends and sides.

Pensacola, Fla. Moderate limnoria attack on end of one piece and somewhat heavier

on, the other.

Balboa, C.Z. Slight limnoria attack on ends of both pieces.

San Juan, P.R. Slight limnoria attack on end of one piece and slight limnoria and
teredo attack on the other.

Oakland Pier—No fresh attack in addition to slight attack of 1933.

Peralta St.—No fresh attack in addition to slight attack of 1933.

Puget Sound Navy Yard. Bankia had heavily attacked the piece through the ends

and the piece was discarded.

Pearl Harbor, H.I, Navy Yard. Both pieces have a few entrance holes, principally

in the ends.

Cavite, P.I. Naval Station. No report received.

C TREATMENTS:
Fort Tilden, N.Y. Slight limnoria attack on one end of one piece and no attack on

the other.

Castle Pinckney, S.C. Slight attack on ends and sides by teredo, but pieces not ap-

preciably damaged.
Pensacola, Fla. Slight limnoria attack on ends of pieces.

Balboa, C.Z. Many pholads in piece and attack by both limnoria and teredo, prin-

cipally through the ends.

San Juan, P.R. Slight limnoria attack but no teredo.

Oakland Pier. No attack.

Peralta St. Very light limnoria attack appearing for the first time.

Puget Sound Navy Yard. One piece attacked by Bankia through the ends and sp'it

and discarded, the other one shows a few small entrance holes in the ends.

Pearl Harbor, H.I. Navy Yard. One piece is not attacked, in the other there is an

attack on the bottom, probably by limnoria.

Cavite, P.I. Naval Station. No report received.

D TREATMENTS:
Fort Tilden, N.Y. No apparent attack.

Castle Pinckney, S.C. Not reported.

Pensacola, Fla. SHght attack by limnoria on ends.

Balboa, C.Z. Considerable attack by limnoria on ends but no teredo or pholads.

San Juan, P.R. One piece slightly attacked by limnoria, the other showing no attack.

Oakland Pier. No fresh attack in addition to the slight one of 1933.

Peralta St. No attack.

Puget Sound Navy Yard. Apparent light attack through the ends by Bankia.

Pearl Harbor, H.I. Navy Yard. Both pieces in good condition though there ap-

peared to be a few entrance holes in the ends.

Cavite, P.I. Naval Station. No report received.

E TREATMENTS:
Fort Tilden, N.Y. No apparent change in condition since 1933.

Castle Pinckney, S.C. Both pieces attacked by teredo and limnoria, principally the

former. About 60 per cent destroyed.

Pensacola, Fla. One piece lost, the other heavily attacked by limnoria and also con-

tains some teredo and Martesia.

Balboa, C.Z. Limnoria damage severe. Many Martesia and Xylophaga holes. The
interior was literally shot to pieces by teredo.
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San Juan, P.R. One piece shows slight limnoria attack and no teredo while the other

is heavily attacked by limnoria and contains some teredo.

Oakland Pier. No attack.

Peralta St. Moderate limnoria attack and a few Bankia, where only a very light

limnoria attack was evident in 1933.

Puget Sound Navy Yard. Pieces discarded in first year.

Pearl Harbor, H.I. Navy Yard. Both test pieces showed fairly heavy attack by both
limnoria and teredo.

Cavite, P.I. Naval Station. No report received.

F TREATMENTS:
Fort Tilden, N.Y. Light limnoria attack on one piece and none on the other.

Castle Pinckney, S.C. Heavily attacked and about 40 per cent destroyed.

Pensacola, Fla. One piece about three-fourths and the other two-thirds consumed by
limnoria and teredo.

Balboa, C.Z. Not reported.

San Juan, P.R. Both pieces show heavy limnoria and light teredo attack.

Oakland Pier. No new attack over the slight limnoria attack reported in 1933.

Peralta St. Very light limnoria attack. One teredo found.
Puget Sound Navy Yard. Test pieces destroyed in the first year.

Pearl Harbor, H.I. Navy Yard. Both pieces rather heavily attacked by both lim-

noria and teredo.

Cavite, P.I. Naval Station. No report received.

G TREATMENTS:
Fort Tilden, N.Y. No apparent attack.

Castle Pinckney, S.C. Attacked heavily by teredo and less heavily by limnoria. One
piece about SO per cent and the other IS per cent destroyed.

Pensacola, Fla. One piece about three-fourths and the other about one-half eaten

away by limnoria.

Balboa, C.Z. Limnoria damage severe and teredo from -^s-in. to J/2-in. in diameter
well established. Test piece abandoned.

San Juan, P.R. One piece heavily attacked by limnoria and teredo worse than any
other except the control. The second piece was abandoned last year.

Oakland Pier—No fresh attack since the light one of 1933.

Peralta St. Light limnoria attack and a few teredo and Bankia.
Puget Sound Navy Yard. Both pieces attacked by Bankia and therefore abandoned.
Pearl Harbor H.I. Navy Yard. Neither piece so heavily attacked as other petroleum

treatments, but both pieces show some attack.

Cavite, P.I. Naval Station. No report received.

Report of Inspection September 13, 1934 of Specimens Furnished Through
Dr. Hermann von Schrenk and Col. Wm. G. Atwood, and

Installed in San Francisco Bay Area

(P= Pine F=: Fir)

Barrett Manufacturing Company Material

Placed at Station B, Pier 7, San Francisco, January 1923. Moved to Biological Sta-

tion Oakland Pier, % S. P. Co. December, 1925. These specimens still show no attack

except very lightly by limnoria.

Treatment Condition September 12, 1934

Coke oven original oil P-1, very light limnoria attack, same
as last year.

Coke solids removed P-2-3, slightly eroded by limnoria; no
new attacks.

Coke acids removed
Coke bases removed P-4, early attack same as P-2-3. No

new attacks during 1933 or 1934.

Gate
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1934 REPORT ON TEST PILES

The following tables 1-A, to 1-D, give the 1934 condition of four sets of test piles

driven in 1919 and 1920 at Seattle, Washington, Tiburon, on San Francisco Bay, San
Pedro and San Diego. Each set originally consisted of seven piles, including the fol-

lowing :

3 old creosoted fir piles originally driven 1890. Table 1-A
1 old creosoted fir pile originally driven 1901. Table 1-B
2 new freshly creosoted fir piles originally driven 1919-1920. Table 1-C
1 new untreated fir pile originally driven 1919-1920 Table 1-D

The untreated piles were destroyed in three to four years, as shown in Table 1-D,
leaving six piles in each set.

The set at San Diego was exposed for test by the Atchison, Topeka and Santa Fe
Railway Company in their wharf No. 63 until the wharf was dismantled in 1925. After
being repaired, the piles were redriven by the Southern Pacific Company at Long Beach,
California, and the test continued.

It has been customary to make an annual diver inspection of the test piles which the
Northern Pacific installed under its dock No. 1 at Seattle, but as inspections of recent
years have shown these piles entirely free from teredo, the data gathered from diver in-

spection on November 24, 1933, at Seattle, has been used for this report.

Test Piles — Table 1-A

Creosoted fir piles from Southern Pacific Company Old Long Wharf, Dock "A", Oak-
land, originally driven in 1890. Pulled in 1919 and redriven elsewhere. Exposed to
marine borer attack forty-four years to date. ,

Re-Driven for Test

Mark Date Railroad Location

A 6 1920 NPRyCo. Seattle

A 8 1920 NPRyCo. Seattle

A 32 1920 NPRyCo. Seattle

A 19 1919 NWP RR Co. Tiburon

A 28 1919 NWP RR Co. Tiburon

A 29 1019 NWP RR Co. Tiburon

A 5 1919 SPCo. San Pedro

A 20

A 34
A 2
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Test Piles — Table 1-B

Creosoted fir piles from Southern Pacific Company Old Long Wharf, Dock "E'
Oakland, were originally driven in 1901; pulled in 1919 and redriven elsewhere; exposed
to marine borer attack 33 years to date.

Re-Driven for Test

Mark Date Railroad Location

E 46
E 42

1920
1919

NP Ry Co.
NWP RR Co.

Seattle

Tiburon

E 38 1919 SPCo. San Pedro

E SO 1920 AT&SF

E 50 1925 SP Co.

San Diego

Long Beach

1934 Inspection

Remarks

No signs of live teredo.

Checked in a few places between
high and low tide and marine
borers have entered in a few
places. Pile was repaired in

1925 by filling holes with pet-

rolastic cement and covering

with copper plate. Plate eaten

away but holes in good con-

dition with no indication of

marine borers entering them.
Identification tag in place.

Slight limnoria attack in 1927 at

low water, also 1929 and 1932.

Cavity V/^ in. by 3 in. by 2 in.

deep, 2 ft. below high water,

repaired with hot asphalt, sand
and cement and covered with
copper plate 3-33. Patch cov-

ered with oil and barnacles and
hardly visible. No sign of fur-

ther attack.

Pulled in 1925 and re-driven

Long Beach.
Light attacks at low water 1927

and 1929. Borers working 2

ft. below high water. Cavity
2 in. wide, 4 in. long and 5 in.

deep.

Borers

teredo

Bankia
limnoria

limnoria

limnoria

Test Piles — Table 1-C

Freshly creosoted fir piles exposed to marine borer attack, 14 years to date.

1934 Inspection

Remarks Borers

No sign of attack. teredo

Check near bottom shows teredo

sign, also small check 15 ft.

above bottom. Not serious. teredo

Good condition; no attack. limnoria

Few checks between high and
low tide; no evidence of bor- Bankia
ers having entered. teredo

No attack; condition good.
No attack; condition good. limnoria

Pulled in 1925 and redriven Long
Beach.

Some holes showing in 1925 were
repaired. Few borers at low
water in 1932 but not active in

1933 or 1934. limnoria

Pulled in 1925 and redriven Long
Beach.

Holes of attack in 1925 repaired.

No sign of attack since that

date. limnoria

Mark
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Test Piles — Table 1-D

Untreated fir piles exposed to marine borer attack.

Driven for Test

Mark Date Railroad Location

49 1920 NPRv. Co. Seattle

1934 Inspection

Remarks

Broken off at mud line 1923.

45 1919 NWPRR. Co. Tiburon

39 1920 SP Co.

Broken off at mud line 1923.

Borers

limnoria

teredo

Bankia

limnoria

Bankia
Teredo
navalis

San Pedro Pile was eaten off and missing in limnoria

1925. and
probably
Bankia

NEW ENGLAND MARINE BORER ATTACK

The Chairman of this Sub-Committee reported orally to the Annual Meeting in 1933

that he had learned just before leaving New York of the appearance of marine borers in

Massachusetts waters in places that had hitherto been immune from their attack. He
stated that W. F. Clapp, Massachusetts Institute of Technology, who had charge of the

larger part of the biological work of the Committee on Marine Piling Investigations of

the National Research Council had brought him the information. He warned the New
England railroads that the condition might be serious and that immediate investigation

of structures should be made.

Only very little investigation was needed to show that the condition was more seri-

ous than had been indicated. A Committee was formed by the Boston & Maine, Maine
Central, Bangor & Aroostook, New York, New Haven & Hartford Railroads, the Public

Works Department of the Commonwealth of Massachusetts and the Highway Depart-

ment of the State of New Hampshire. The Quartermaster Corps of the Army also co-

operated in Boston. Mr. Clapp was retained to supervise the biological work. F. C.

Shepherd is Chairman.

Very little treated timber and piling has ever been used north of the Cape Cod Canal
because this entire coast line had always been thought to be immune from the attack of

borers. The investigations of the National Research Council Committee did not indicate

the probability of serious attack except on Cape Cod where teredo were numerous, in

Portland Harbor, Me., where a medium attack of limnoria was found and on only one
pier of the N.Y.N.H.&H.RR. in Boston Harbor where possible damage was indicated by
limnoria.

The new Committee proceeded along the same Hnes as the National Research Council

Committee so far as the placing of test boards was concerned and installed 73 test boards,

23 of which were at or near the locations used in the previous investigation. Mr. Clapp
also circularized contractors and requested pile samples and information as to when and
where piles would be pulled so that inspections could be made. Test board locations

are shown in Fig. 6.

Because of the high values involved the situation in Boston was intensively studied

not only by the test board method, but also by inspections by divers. 22 test boards
out of the total of 73 were in Boston Harbor. Fig. 7.

Mr. Clapp, by a study of the material reaching him, has made appreciable progress in

correlating the encrusting marine growths with the presence or absence of borers. This
study, it b believed, if it can be carried on long enough, will enable a biologist to tell by
inspection of the incrusting organisms on a pile whether teredo, at least, can live at that
location. The possibility of obtaining this information will be of great aid, if taken ad-
vantage of, to all construction and maintenance officers. No other biological studies have
been made by the Committee except the identification of the various species found.
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Fig. 7.
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Comparison of Results of 1934 with 1922-24:

No exact comparison of the Maine Coast east of Portland can be made because the

1934 boards are not in the same locations as the previous boards.

In 1922-24 no teredo were found or reported and only a light limnoria attack was

indicated. In 1934, the condition does not seem to be much different except that teredo

have been reported from locations where there are no test boards.

In Portland Harbor in 1922-24, one board on the Grand Trunk Wharf showed lim-

noria present and a depth of attack of J^-in. between May and November. In 1934

several test boards on the property of the Portland Terminal Company showed heavy

limnoria attack, one of them to a depth of >^-in. between May and September.

Boards of both periods at Scarboro showed about the same results in the same time

except that in 1934 the incrustation was heavier and contains the combinations which

may indicate the possibility of teredo.

The comparisons south of this point are as follows:

Location

Portsmouth, N.H.

Newburyport, Mass.

Beverly, Mass.

Boston—Long
Wharf—Charles-
town
Pier 46
Mystic Docks
B.&M.

East End
Charles R. Bridge

B.&M.
West End
Charles R. Bridge

B.&.M.
N.H. Pier 4

Army Base

West End
Cape Cod Canal

1922-24

3 blocks showed from 1 to 12

limnoria and light incrusta-

tion.

Only one block out of 25 exam-
ined showed any life and a

few incrusting organisms.

A very light incrustation with

harmless species.

Out of 22 blocks only 6 showed
any life and only one of these

any limnoria.

Out of 14 blocks only 4 showed
any life and these had a few
limnoria.

S out of 14 blocks showed a few
incrusting organisms, the re-

mainder no life.

A fairly heavy limnoria attack

by the end of one year.

28 blocks reported. A few I'm-

noria on each block from
July to Oct. 22 with a fairly

heavy attack, several hundred
limnoria on all latter b'ocks

to Sept. 23.

A few limnoria on one block

and no other life.

Teredo appeared in the third

block and about 100 in the

fourth. The incrusting organ-

isms usually found with ter-

edo were present.

1934

Blocks show the same incrusting

organisms as before but more
than 300 limnoria were found
in the last block examined.

Only three blocks examined,
two showed no life and the

other, the organisms that us-

ually accompany teredo.

One limnoria and fairly heavy
deposit of species indicating

possibility of teredo.

3 blocks out of 4 have incrust-

ing organisms and a few lim-

noria.

50 limnoria appeared on the

first block and the fourLh

showed penetration to the

depth of J^-in. by several

thousand limnoria.

A heavy deposit of silt and
some incrustation.

A number of incrusting organ-
isms and a few limnoria.

Only 4 blocks examined.

Limnoria appeared on the first

block and on the 4th there

were several hundred limnoria

and some incrusting organ-

isms.

A heavy limnoria attack on the

1st block and on the third

one eaten away to the depth
of -)4 in. to 1 in. One of the

heaviest attacks known in a

similar time.

About 35 limnoria in the second
block and 10 hmnoria and
about 300 teredo in the third.
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Location

Woods Hole,

Mass.

Fall River,

Mass.

India Pt. Draw,
Providence. R.I.

N.Y.N.H.&H.RR.
Mystic R. Draw,
Conn.
N.Y.N.H.&H.RR.

Allyns Pt.,

Conn.

Shaws Cove,
Conn.

Guilford,

Conn.

Belle Dock,
New Haven

Devon, Conn.

Bridgeport, Conn.

So. Norwalk,
Conn.

Newport, R.I.

New Bedford,
Mass.

1922-24

The first 17 blocks showed oc-

casional limnoria. There
were 2 teredo in No. 20 and
about 40 in No. 24.

Records poor on exact location.

Another location several miles

down the bay showed lim-

noria on the first block and
teredo on the fifth with th?

tenth full of teredo.

4 teredo in the twelfth block

and from 1 to 5 in later ones.

Second block showed limnoria

and the fifth teredo larvae

and the ninth was honey-
combed by teredo 2J^-in. to

3-in. long.

Much silt. Incrusting organ-
isms and 2 limnoria on one
block.

A few limnoria and a fairly

heavy teredo attack after a

year.

The third block showed 6 ter-

edo and there were from 5 to

20 in all blocks for the next

year.

No life except a little Algae.

A few incrusting organisms.

Blocks very muddy but no life

appeared for a year when in-

crusting organisms and a few
teredo appeared.

The eighth block had 2 teredo

and succeeding ones up to 22

which were 4-in. long in the

twelfth block.

Limnoria in the second b^ock.

1 teredo in the fifth and from
5 to SO in succeeding blocks

with fairly heavy limnoria at-

tack and the usual incrusting

organisms which accompany
teredo.

The fourteenth block showed 6

limnoria and the intensity of

attack increased gradually to

the twentieth block. Most
blocks had some incrusting

organisms.

In 1922-24 the blocks were removed twice each month, while in 1934 only one block
per month has been inspected, and these facts should be taken into consideration in read-
ing the tabulation.

1934

The iirst block showed a very

heavy limnoria attack which
continued on the two others

reported. There were 100

teredo in the second block

and several hundred in the

third. Some of them 3j4-in.

long.

First block incrusting organisms
and IS limnoria, second block

more limnoria and 400 teredo

and the third a still heavier

attack by both borers.

A few limnoria and incrusting

organisms. Only three blocks

examined.
Incrusting organisms and a few

limnoria on the first three

blocks.

Much silt and encrusting organ-

isms on 3 blocks.

Incrusting organisms and a few
limnoria on the first 3 blocks.

Incrusting organisms on the

first block about 10 teredo in

the second and about 300 in

the third.

Incrusting organisms and from
20 to 7S limnoria on each of

3 blocks.

Considerable silt and the in-

crusting organisms that indi-

cate the possibility of teredo.

The usual incrusting organisms
on the second and third

blocks but no teredo so far.

Incrusting organisms in the first

2 blocks and teredo in the

third.

First block incrusting organ-
isms. Second block 200 lim-

noria and third about the

same as to limnoria and
about 100 teredo.

First block had 200 limnoria

and 200 teredo while the sec-

ond had still more.
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Inspection of Structures and Specimens from Structures

It should be remembered that no serious previous attacks have been reported in this

area.

Army Base—Boston

The National Research Council test board in 1922-24 only showed a few limnoria on
one block.

This structure was built during the war and most of the piles were Southern Yellow
Pine, driven with the bark on. There were also some oak piles used with the bark left

on. The number of piles in the entire structure is approximately 27,000 and except for

the fender piles most of them are cut off near high water.

An inspection of 2,566 piles distributed throughout the structure was made in the

fall and early wmter of 1933-34.

About 1 per cent of the piles were found to have a cross-section less than 20 per

cent of the original and for the whole structure it was estimated that about 66 per cent

of the original area remained and practically all bracing had been destroyed. Since th's

time the test boards have shown an extremely heavy attack and it is now estimated that

not over 50 per cent of the original pile strength remains.

Commonwealth Pier—Boston

There are 6070 oak piles in this structure. In 1924, a diver inspection was made of

118 piles of which 53 were untouched and 53 showed a very slight limnoria attack while

the other 12 showed the effective section reduced from Ys (1 pile) to yi (2 piles) the

other 9 being between these limits.

Late in 1933 another inspection was made of 478 piles of which only 41 were un-

attacked and the other 437 were reduced in section from a small amount to 90 per cent.

It was estimated at that time 20 per cent of the pile strength had been removed by
limnoria. The test blocks have shown heavy attack and it is probable that the effective

strength is appreciably less by this time.

Several East Boston piers which have been inspected by divers show a very heavy
but uneven attack. Spots were found in these wharves where practically all piles were
cut off and piles only a short distance away showed little or no attack.

Chelsea Bridge—City of Boston

Several pulled piles and sections of piles were inspected.

The limnoria attack has been and is very severe, some of the pUes having been en-

tirely cut off. In some pile sections while no live teredo were found, there were a num-
ber of holes made by teredo.

Boston Molasses Company Pier

An examination of several oak fender piles which had been removed was made.

The limnoria attack was very heavy from % to % the area of the pile section hav-
ing been removed. This attack extended from the mud line to low water mark. Many
recent tubes of large teredo were found as well as several living animals from 12-in. to

iS-in. in length.

T Wharf—Boston
This wharf was originally built before the Revolution and is partly cribbed and

partly piled. All piles are oak of unknown age.

62 piles were examined by a diver. Of these, 27 near the cribbing were unattacked.

21 had % the diameter gone. 9 were half gone and 5 entirely cut off. The cribbing ap-

peared to be unattacked.

Tidewater Coal Company Wharf—East Boston

Sections of 3 piles were examined. These piles, driven in 1916, were entirely cut off

by limnoria and were swinging from the caps. One of them showed an unusual attack,

it had been nearly cut in two at two different locations about 3-ft. apart.
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Portsmouth, N. H.—B. & M. Bridge No. 70

Sections of three different piles removed from this bridge were examined. All were

heavily attacked by limnoria as much as 3-in. in depth having been eaten away. No
living teredo were found but many tubes, none of them over 2 years old, were found.

Two specimens of Cheliira terebrans male and female were found in one of the test

blocks from the board on this bridge. This species is very destructive on the Norwegian

Coast and in tropical waters. There is no record of a specimen having been pr 'viously

found on the American Coast north of Charleston, S. C.

Hampton, N. H. Toll Bridge

A pile section removed from this bridge about one year ago was examined and found

to have been very heavily attacked by teredo.

Wareham, Mass. Greer Lumber Company Wharf

8 oak fender piles driven since 1016 were examined. The teredo attack was very

heavy. 5 of the piles had been cut off at the mud line, 2 broke when being pulled and

only one had enough strength left to have been pulled entire.

Plymouth, Mass. Spruce Channel Buoy

Structures at Plymouth have until recently been immune from attack.

This buoy was painted and placed in the channel in the spring of 1931. In the fall

of 1933 it had lost its buoyancy and was taken ashore, but was so thoroughly honey-

combed by teredo that it broke in handling.

Fall River—Somerset Bridge Across Taunton River

Several piles from a dolphin were cut into sections at various depths. The number
of teredo in each section varied from 1 to 170 but all were attacked. The heaviest at-

tack in most of the piles was at a point about 20 ft. above the mud line.

Bristol, R. I. Piers on McKee and Herreshof Estates

Piles and braces broken off with the appearance of limnoria attack. Careful exam-

ination showed that while the centers of the timbers were full of large teredo the outside

was so full of very minute teredo as to give the appearance of limnoria.
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Portland, Me.

Fig. 8 and 9 show the condition of piles removed in 1933-34 from one of the

railroad piers in Portland Harbor. The attack is by limnoria and the piles, which were
originally about 10-in. in diameter show the different form which the attack takes in

maple and Norway pine.

Fig. 8.—^Portland, Me. Showing L i m -

noria Attack on Maple Piles Originally 10-in.

Diameter.

Fig. 9.—Portland, Me. Showing
Attack on Norway Pine Pile Orig-

inally 12-in. Diameter.

Rye Beach, N. Y. Playland Pier

No investigation of this exact location was made in 1922-24, but because of the

opinion that attack was not to be feared this pier was built on untreated piles. One
section of the pier was constructed in 1928 and an addition was made in 1931. Attack

by teredo seems to have commenced in 1932 or 1933 because the condition of the six-

year old and the three-year old piles is about the same. Renewals with creosoted piles

commenced in 1933. Fig. 10-11 shows pile sections removed in corner of these renewals.
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New York Harbor

In 1922-24 a fairly heavy teredo attack was found in some of the Standard Oil

Piers at Bayonne, NJ. That this has continued is evident from an inspection of piles

pulled from one of these piers in September, 1934. (Fig. 12).

Fig. 10.—Rye Beach, N.Y. Sections

of Untreated Pine Piles— 3-6 years

service.

Fig. 11.—Rye Beach, N.Y. Untreated
Pine Piles-Playland Pier.

Fjg. 12.—Bayonne, N J. Section of Pile from Standard
Oil Pier.
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SUMMARY

New England and Long Island Sound

The test boards at the locations used in 1922-24 compare as follows:

Attack apparently lighter than in 1922-24 4
Attack about the same intensity as in 1922-24 6

Attack heavier than in 1922-24 13

In the latter classification are several locations where practically no attack was found
in the previous investigation and an extremely heavy one this year.

In comparing these results it should be borne in mind that, while in 1922-24 ther?

were two blocks per month inspected instead of one, the older series of boards were 'n

service from one to two years, that this year a period of not to exceed four months is

covered and in most cases only three months.

Inspection of piles and sections of piles from actual structures show attack by bth
teredo and limnoria in places where it had not been thought there was any dan^'er. Thi
age of many of these structures would seem to indicate that the attack was recent.

NORTHERN PACIFIC RAILWAY

Pier 3, Seattle—Baker Dock, Tacoma, Wash.

The Northern Pacific make a practice of making periodical inspections of their docks
by divers. The same firm of divers have made all the inspections and are highly skilled

in this work. This is shown by the fact that the 191S, 1923-24 and 1934 reports check
very closely with each other as to the individual piles found to be defective.

It is unusual and a very valuable addition to knowledge to be able to compare a

service record of 27 years with analyses of the creosote used.

Practically all piers in Seattle and Tacoma are subject to continuous and heavy at-

tack by Bankia setacea, one of the most destructive shipworms known.

Pier 3—Seattle, Wash.

This pier was originally constructed in 1900 using 1087 "Perfection Piles". (Se2

"Marine Structures, Their Deterioration and Preservation" 1924, Atwood and Johnson
page 95). These were replaced to a large extent with 1178 creosoted piles in 1906-08

Since that time 42 additional piles have been driven and 483 replacements have been
made, 135 of which were in 1918, 147 in 1926 and it is estimated that in 1934 there will

be 129 replacements and 12 additional piles required.

The present condition of the piles in this pier is shown in the following table.

Year Present Condition Bad and Missing

Driven Good Fair Bad Missing Total Total Per Cent

1906 8 11 58 14 91 72 79.2

1907 370 63 141 37 611 178 29.2

1908 399 12 51 14 476 65 13.6

1910 14 5 4 1 24 5 20.8

1912 28 2 30 2 6.7

1914 4 1 5 0.0

1915 27 4 4 2 37 6 16.2

1918 134 1 135 1 0.7

1919 6 6 0.0

1926 145 1 10 147 1 0.7

1933 1 1 0.0

Totals 1136 97 261 60 1563 330 21.1

Total 1494 Standing

Required for 1934: 141 piles
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Baker Dock, Tacoma, Wash.

This dock was built in 1900-1903 using 698 Perfection Piles and 40 Creosoted Pile?

and in 1904 when 533 Creosoted Piles were driven and 190S when 165 more were dr'ven,

all Perfection Piles were replaced.

The identification in the structure of the earlier creosoted piles and replacements up

to 1915 is impossible, but since 1915 the record is clear and the piles can be identified.

The condition of these piles in accordance with the 1934 inspection is shown in the fol-

lowing table.

Year Present Condition Bad and Missing

Driven Good Fair Bad Missing Total Total Per Cent

Unknown 169 17 71 257 71 27.6

1915 58 2 3 2 65 5 7.7

1916 124 4 2 3 133 5 3.8

1917 8 8 0.0

1918 13 10 14 1 7.1

1919 4 4 0.0

1921 93 2 5 2 102 7 6.8

1922 1 1 0.0

1923 31 1 32 0.0

1925 188 3 1 192 1 0.5

1933 12 12 0.0

Totals 701 29 82 8 820 90 12.8

The Class shown as Unknown contains all of the old piles, driven previous to 1915.

and also many recent piles whose identity had been lost. The redrive for 1934 was esti-

mated at 72 piles. These have not yet been drivefi.

In the inspection and reports piles are classified as follows:

1. Good Piles—Under this heading has been placed the perfect piles, or those in

which no teredo action at all could be found, and also those piles showing slight teredo

action in knots or in checks, but no damage worthy of mention.

2. Fair Piles—This class contains those piles that show teredo action in several

knots or checks and which in the opinion of the diver may become worse. They may
still be depended upon to carry practically their full load.

3. Bad Piles—This class contains those piles that should be redriven. The d!ver

has reported their physical condition as varying from a pile entirely worthless to one

having eighty per cent of its original strength.

The change in condition of piles and the very small differences in classification by the

divers is shown in the following table:

Present Condition of Piles

That Were Called Good, Fair and Bad in 1923-24

PIER NO. 3. SEATTLE, WASHINGTON
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The creosote analyses shown in the following table are unusual, in that it is seldom
that a record of this kind, covering so long a period of time can be obtained.

Preservative Used in Treatment of Piling Under Pier 3 and Baker Dock

Source of
Year Pre- Specific 0-210 210-235 235-270 270-315 315-355

Driven servattve Gravity Deg. Deg. Deg. Deg. Deg. Residue
1906 No record
1907 No record .. ... ... '.

.

.

1908 European 1.063 1.9 19.7 33.9 20.i 12.9 11.

S

1910 European 1.063 1.9 19.7 33.9 20.1 12.9 11.

S

1912 European 1.044 2.4 '9.5 31.2 27.3 12.6 17.0
1914 Mixture 1.087 2.2 9.8 22.7 11.8 17.0 36.

S

1915 European 1.038 2.9 21.3 (From 235° to 355° = 63.9) 11.9
1916 Mixture** 1.057 2.0 14.S 28.5 21.3 19.6 14.1
1917 Mixture 1.076 1.2 8.0 20.8 18.8 20.6 30.6
1918 Mixture*** 1.073 4.5 5.0 26.0 17.5 26.5 19.5
1919 Mixture**** 1.073 0.3 4.0 22.4 17.3 20.8 35.2
1921 European 1.042 0.1 14.8 24.2 19.3 22.6 19.0
1922 European 1.042 0.1 14.8 24.2 19.3 22.6 19.0
1923 European 1.046 3.7 21.9 23.5 19.0 19.0 12.9
1925 European 1.045 3.7 19.0 21.7 22.4 21.4 11.8
1926 Japanese 1.056 1.9 12.6 27.9 23.2 21.2 13.2
1933 Mostly Japan 1.061 0.7 10.5 26.6 23.4 22.9 15.9

** Mixture of European and Japanese.
*** Mixture of European, Japanese, and Domestic.

**** Mixture of Canadian and Domestic.

Note: There was no record kept of the preservative used during the early years and even on more
recent work the records ar far from complete. The data given here have been assembled from old files and
from the records of the treating companies that furnished the treated piling. The figures represent as
nearly as possible the creosote oil used in actual treatment of the piling during the various years.

The variations in the creosote analyses are not great except in the war years but the

treatment 25 years ago was not nearly "as good as at the present time. It was the practice

30 years ago in Seattle to steam fir piles and even in 1915 the average treatment of fir

was not nearly as good as it is today. This fact should be borne in mind.
This record of 27 years service in water as badly infested with borers. As Puget

Sound is a very excellent one.

"SEA ACTION COMMITTEE"

Institution of Civil Engineers—England

The 14th Interim Report of this Committee was published early in 1934.
It contains detailed reports of the corrosion tests of various metals from Plymouth,

England and Colombo, Ceylon, in the same form as those abstracted in the 1934 report of

Committee XVII. The results obtained are not very different from those previously pub-
lished. These reports complete the series on the inspection of specimens after a ten year
test.

The tests of pieces impregnated with napthalene and with creosote to which naptha-
lene has been added after 2^ years, indicate that creosote alone is more effective than
napthalene or a creosote-napthalene mixture. A series of test pieces were treated by a

double impregnation process using creosote first followed by melted napthalene. These
pieces gave better results than those treated with creosote alone.

The tests of pieces impregnated with fuel oil and arsenicals show about the same re-

sults as similar tests made by this Committee.
It is announced that a general report summarizing the results shown in the "Interim

Reports" issued since 1920 is in course of preparation. Such a report will be of great

value.

SUMMARY
The Panama Canal Reports continue to show that several tropical timbers have de-

cided resistance to marine borer attack.

The result of tests of the various arsenical compounds prepared by the Chemical
Warfare Service do not indicate that they have permanent value, though most of them
do show some resistance to attack. The results of these tests are, however, affected by
the very evident fact that the test pieces were not properly treated inasmuch as the end
penetration is apparently very small as compared to what it should be.
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The conditions in New England are a very striking and expensive illustration of the

fact that it is not economical to use untreated timber in salt water no matter what the

previous history of the location may have been. Such treated piles as have been used in

this territory have generally not received over a 12 lb. treatment and some of these have

been somewhat damaged. The recommended practice of this Association calls for

treatment of 22 lb. or to refusal for marine piling and many losses would be saved if

this weight of treatment were used.

The New England outbreak calls attention to the desirability of research on the

marine borer problem. There has been no comprehensive study of this problem in this

country except between 1922 and 1924. If this or a similar study had been carried on

in the past ten years, it is quite probable that much of the loss which New England rail-

roads and others must now face, might have been avoided.

Conclusion

It is recommended that this report be accepted as information and the subject con-

tinued.

Appendix D

(5) DESTRUCTION BY TERMITES AND POSSIBLE WAYS
OF PREVENTION

Dr. Hermann von Schrenk, Chairman, Sub-Committee; Wm. G. Atwood, C. C. Cook,
E. A. Craft, F. D. Mattos, W. A. Summerhays, C. M. Taylor.

At the last annual convention, your Committee made verbal reference to a large

volume entitled "Termites and Termite Control" issued by the Termite Investigations

Committee of California, and published by the University of California Press, Berkeley,

California, price five dollars.

It is impossible in the brief space available to do more than refer to some of the

high spots in this volume which consists of 734 pages with 182 photographs and draw-

ings and a very exhaustive bibliography. This report is divided into 4 parts:

I. Termites and Their Biology, (with 32 chapters)

II. Chemical Investigations, (with 8 chapters)

III. Termite Resistivity of Wood and Building Materials, (with 5 chapters)

IV. Prevention and Repair of Termite Damage, (with 12 chapters)

The biology chapter deals with the occurrence of termites, their development, factors

affecting distribution, their anatomy, description of Protozoa in the termite, chapters

dealing with classification and detailed chapters describing the various economic forms

of the more important species. There are several chapters discussing the termites of

Mexico, the West Indies, the Canal Zones, the Philippine Islands and Hawaii.

The second division, Chemical Investigations, deals with the toxicity of chemicals to

termites, wood preservatives and treatment, commercial proprietary preservatives, tests

with wood preservatives conducted by the United States Bureau of Entomology, paints

and termite damage, poison dust, fumigation and ground treatments.

The fourth division. Prevention and Repair of Termite Damage, includes directions

for control of termite damage in buildings, telephone and telegraph lines, railroad struc-

tures, lumber, and ends with a discussion of Municipal, Slate and Federal laws dealing

with termites. Part IV of this volume would be the one of special interest to railroad

engineers. It is so extensive, that justice cannot be done to it in a review, and those

interested are referred to the original report.
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Your Committee calls attention to two sections in this volume dealing with subjects

of specific interest at this time. There has been an extensive advocacy of ground treat-

ments with various kinds of poison or substances which are supposed to keep termites

away from structures. The conclusions with reference to ground treatments arrived at by

the Committee are quoted herewith in full: (p. 483).

"(1) Ground treatments by themselves should not be depended upon as a funda-
mental method either for the prevention of termite damage or the eradication of

termite infestation. Proper construction and the insulation of all unprotected wood
from ground contact is generally conceded to be the best method of preventing dam-
age by subterranean termites."

"(2) Ground treatments must still be considered as in the experimental stage. The
evidence presented here indicates that at least temporary protection from subter-

ranean termites can be obtained by ground treatments properly applied. We be-

lieve, therefore, that further experimentation with ground treatments as a supple-

mental method, especially with chemicals not poisonous to man, would be justined."

"(3) Due to their strongly poisonous nature, sodium arsenite and other arsenicals

are not recommended for this purpose. However, if sodium arsenite is used, the

health hazard can be reduced and the effectiveness of the treatment increased (p. 475)

by the use of larger amounts of dilute solutions (2 per cent and less) and by placing

a conspicuous, permanent warning sign showing that the soil has been poisoned."

"(4) No effective material has been tested sufficiently to make it possible to state

that it will not kill plants."

"(5) Periodic inspections of structures to be protected (p. 552) should by all

means be continued whether ground treatments have been applied or not."

The second point requiring emphasis are general recommendations for control of ter-

mite damage found in chapter 46. The Committee cites three underlying principles

which must be applied in order to prevent termite damage to structures made wholly or

partly of wood, they are: (page 539)

"1. Make the structure or material which is to be protected inaccessible to termites

(chap. 48)."

"2. Use wood which is unavailable as food or undesirable to termites as a source

of food supply (chaps. 35-37, 41-43)."

"3. Discourage colonization or breeding of termites in the vicinity of the structure

of material which is to be protected (chaps. 14, 20, 21, 24, 47, 48)."

In connection with these recommendations, the Committee calls attention that (pages

539 and 540)

"1. The methods of construction employed for new structures and for the repair of

existing structures should be such as to keep all wood not adequately treated

away from contact with the ground (chap. 48)."

"2. If the most complete protection from damage by termites is required, and if

feasible, all wood which is placed in the ground or in contact with the ground

should be impregnated according to standard specifications (p. 550) with chemi-

cal preservatives known to give protection (chaps. 34-36, 41)."

"3. Wherever termite damage to wood not in contact with the ground is to be pre-

vented, and when this cannot be done by methods of construction (chap. 48),

and if feasible, wood should be used which has been impregnated according to

standard specifications with chemical preservatives known to give protection

(chaps. 34-36, 41). This applies to attack by dry-wood termites, as well as

to attacks by subterranean termites through covered runways over founda-

tions."
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The Committee then refers to the matter of dipping and brushing in the following

paragraph:

"S. Some protection may be had with wood treated by dipping, brushing, or spray-

ing with chemicals toxic or repellent to termites although, as will be seen on
page 550, such methods are not included m the standard specifications. The
degree and duration of protection attained depend upon the initial toxicity of

the substance, its permanence in the wood, its concentration in the wood, and
the integrity and thickness of the protecting coat."

The Committee is particularly emphatic in the warning with reference to arsenical pre-

servatives as indicated by the following recommendation: (pages 541 and 542)

"The Committee recommends that arsenical preservatives be not used in the treatment
of wood, wallboard, building paper, or other material used in the dwellings or

structures accessible to man, or in or on soil underneath such structures, as a treat-

ment against termites. The arsenic compounds used as preservatives are all highly

toxic to man and also present a toxic fume hazard in case of fire. Furthermore,
termites and their burrows are universally infested by fungi, including many common
molds (chaps. 1, 9). Fungi are also abundant in the soil in which termites live.

A number of these fungi turn arsenical compounds into a volatile form, which dif-

fuses through the air, and slowly poisons persons breathing it. The entire number
of species of fungi capable of making this transformation is as yet unknown."
"In case a building material containing arsenic or other poison is used in a building,

such material should be required to have a permanent label on every square yard
of the material stating: 'Poisoned with arsenic (or other substance)'."

"In case the soil under or around a dwelling has been treated with arsenic or other
poison, a permanent sign should be installed reading: 'Poisoned with arsenic (or

other poison)'."

While much of the report deals v/ith experimental work on the Pacific Coast there is so

much of general interest, that every engineer dealing with termites should by all means

have access to this volume to add to their knowledge of termites and their habits, and

specifically to methods of prevention.

Your Committee again calls attention to the increase in the number of cases where

termites have attacked railroad structures. One of the most outstanding cases last year

was in the case of the Burlington. A detailed description with many photographs and

a description of the structures attacked appear in the Railway Age of April 7th, 1934

pages 495 to 500. Similar attacks were reported on other railroads, particularly in the

Central and Northern states, notably in Illinois, Indiana and Ohio, where they appeared

in storehouses, car plants, office buildings, etc. In all these cases, the methods for re-

construction, recommended by your Committee in its first report, were followed with ex-

cellent results to date.

Last year, your Committee gave a brief statement with reference to the extensive

tests dealing with ground poisons carried out by the R.C.A. Communications, Inc. at

Riverhead, Long Island. Due to the courtesy of R. T. Rossi, Assistant Plant Engi-

neer Construction of the R.C.A. Communications, Inc. and Dr. Thomas E. Snyder, Senior

Entomologist of the United States Bureau of Entomology, your Committee is able to give

the following progress report with reference to this test: An inspection was made in

June of 1934, after about ten months' service. Since the test was planned for a long-

termed period, only about three poles for each treatment were examined in detail. In a

good many cases, termites were found in the poles which had been treated with soil
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preservatives. As a matter of progress information, your Committee lists the following

substances which failed to keep the termites away from the poles:

Anaconda paste

Copper sulphate

Salt

Lead arsenate

Naphthalenes
Carbon bisulphide emulsion
Crank Case oil, S gal. per pole (10 gal. per pole o.k.)

Chlorinated lime

Sodium fluosilicate

Aczol
"(the last mentioned compound was used in too weak

a solution for a good test.)"

We hope to keep in touch with this test and make progress reports from time to time as

mspections are carried out.

The test pieces installed at Florissant, Mo. were not examined due to the fact that

the long dry Summer evidently reduced termite activity in this territory. The test, how-

ever, is still in progress and we hope to make a detailed examination early next year.

The above information is offered as a progress report.



Wood Preservation SIS

One of the payroll record books in the general office building of

one of the Eastern railroads completely destroyed by termites.

These books were in the basement of the office buildinc

Bottom view of two pasteboard file cases containing

cancelled checks. Note manner in which termites entered

these cases from the infested shelves and attacked and
destroyed the checks inside the cases.
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Appendix E

(7) INCISING OF ALL FOREST PRODUCTS MATERIAL

H. R. Condon, Chairman, Sub-Committee; R. S. Belcher, C. S. Burt, C. C. Cook, H. R.
Duncan, M. F. Jaeger, A. J. Loom, G. F. MacLaren.

The work of this Sub-Committee can be prosecuted successfully only by having sub-

stantial quantities of incised forest products under test and observation in several locali-

ties. Material under test must be that which can be earmarked and retained under con-

trol conditions during the period of test and prior to preservation and installation for use.

The disturbed conditions of railroad procurement and use of forest products during the

past year have prevented the initiation of proper test lots of incised material. An im-

provement in that condition is anticipated, however, and definite arrangements have been

made to actively pursue the Committee assignment on one or more lots of material in

1935.

The above information is offered as a progress report.

Appendix F

(8) INVESTIGATIONS BEING MADE FOR THE DETERMINATION
OF TOXICITY VALUE OF CREOSOTE AND CREOSOTE MIX-
TURES

R. S. Belcher, Chairman, Sub-Committee; Walter Buehler, H. R. Duncan, E. B. Fulks,

F. D. Mattos, L. B. Shipley, Dr. H. Schmitz, O. C. Steinmayer, G. C. Stephenson,

Dr. Hermann von Schrenk.

The assignment to this Sub-Committee was to collect information on the subject of

the toxicity value of creosote and creosote mixtures. This year's report consists of a

bibliography of the more important publications on this subject, particularly as regards

the work of various investigators. In presenting the list of references which follows, we
offer the following brief explanations and comments.

Practically all investigations on the toxicity of wood preservatives are based on the

use of accelerated laboratory methods of tests, though in many cases efforts are made

to tie in such tests with actual service conditions to which treated woods are subjected.

The methods used are classed under two general headings which are known as the "agar-

plate method" and the "wood-block method". The agar-plate method uses a nutrient

agar as the culture medium to which known quantities of the preservative are added

and the whole then subjected to attack by the selected fungus. The wood-block method

uses actual wood in the form of blocks, slabs, shavings, sawdust, meal, pulp, etc., as the

culture medium, these are impregnated with known quantities of the preservative and

then subjected to attack by the selected fungus. In both methods the toxicity of the

preservative is reported in terms of the quantity or the percentage of the preservative

necessary to prevent or inhibit the growth of the fungus, or more generally to definitely

kill the fungus.

The papers by Schmitz (5) and von Schrenk (14) contain considerable detailed infor-

mation about the development of various toximetric methods. The agar-plate method

as developed by the U.S. Forest Products Laboratories is described in detail by Humph-

ries & Fleming (1). This same method with some modifications is the one suggested as a

standard by Schmitz & Others (7), and has been quite generally used in the investiga-

tions by Bateman (2) and (15), and by Schmitz and Buqkman (11), Schmitz (12) and
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Rhodes (17). In the papers by Schmitz and Buckman (11) and by Bateman (15) studies

were made of the retardation in the growth of fungi over the agar surfaces at concentra-

tions of the preservatives below their actual inhibition concentrations.

The investigations by Reeve (3) were made with sawdust, those by Snell (4) with

wooden discs or slabs, and those by Rhodes and Gardner (6) and by Rhodes and Erick-

son (16) were made with wood pulp. Rabanus (9) worked primarily with wood-blocks,

though he also used some agar-plates. Tamura (10) used a special set of three wood-

blocks and endeavored to differentiate between nutrient and respiration poisons in the

preservatives which react respectively upon the digestive and breathing organs of the

fungi.

Rhodes and Erickson (16) give results on a creosote and also on its different fractions

when tested by their wood-pulp method and also by the method of the agar-plate.

Rabanus (9) gives results on a number of preservatives when tested with some seven-

teen different fungi by both the wood-block and the agar-plate methods.

In general, the investigations on the toxicity of wood preservatives have been for

many years concerned chiefly with the development of standard methods for making the

actual toxicity tests, and with the results obtained for different kinds of preservatives.

Recently, however, while these same objectives continue to be of interest, there has bsen

a marked trend towards the application of toxicity data to the practical problems of wood

preservation. The Preservatives Committee of the American Wood Preservers' Associa-

tion (19) are making a special study of this subject and give a brief summary of the

investigations under way by their members. Reeve, Rhodes, Shipley, Waterman and

Wingert.

The paper by Schmitz (12) with comments by Shipley (13) deal with the effect of

dilution on the toxicity, as such, of creosote. Von Schrenk (14) refers to investigations

under way on the toxicities, quality and quantity of creosotes and creosote-coal-tar solu-

tions originally used in ties and other timbers, and is present after long periods of actual

service. Rhodes (17) has developed a laboratory machine for the accelerated weather-

ing of treated wood-blocks and gives data on the toxicity, quality, and quantity of two

quite different creosotes as originally used and after various periods of exposure.

1. Humphrey, C. J. and Fleming, R. M.—"The Toxicity to Fungi of Various Oi's

and Salts, Particularly Those Used in Wood Preservation."—^U.S. Dept. Agri., Bulletin

227, August, 1915.

2. Bateman, E.—"Coal-Tar and Water-Gas Tar Creosotes, Their Properties and
Methods of Testing."—U.S. Dept. of Agri., Bulletin 1036, October, 1922.

3. Reeve, C. S.
—"The Determination of the Toxicity of Wood Preservatives."

—

Proceedings, American Wood Preservers' Association, 1928, Pages 42-52.

4. Snell, W. H.—"The Use of Wood Discs as a Substrate in Toxicity Tests of Wood
Preservatives."—Proceedings American Wood Preservers' Association, 1929, Pages 126-129.

5. Schmitz, H.—"Laboratory Methods of Testing the Toxicity of Wood Preserva-

tives."—Analytical Edition, Ind. & Eng. Chem., April 15, 1929, Pages 76-79.

6. Rhodes, F. H. and Gardner, F. T. "Comparative Efficiencies of the Components
of Creosote Oil as Preservatives for Timber." Ind. & Eng. Chem., February, 1930, Pages
167-171.

7. Henry Schmitz and Others—"A Suggested Toximetric Method for Wood Pre-

servatives."—Analytical Edition, Ind. & Eng. Chem., October 15, 1930, Page 361.—Also

reprinted in Proceedings, American Wood Preservers' Association, 1931, Pages 81-86.

8. "Conclusions of the Toxicity Conference Held in Berlin in 1930."—Proceedings,

.\merican Wood Preservers' Association, Pages 86-87.

9. Rabanus, Ad.
—"Toximetric Examination of Wood Preservatives." Angewandte

Botanik, Vol. XIII, No. 4, 1931.—Translation in condensed form published in Proceed-

ings, American Wood Preservers' Association, 1933, Pages 34-43.

10. Takashi Tamura—"New Methods of Test on the Toxicity and Preservative Value
of Wood Preservatives."—Phytopathologische Zeitschrift, Vol. Ill, No. 4, 1931, Pages
421^37.
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11. Schmitz, H. and Buckman, S.
—

'Toxic Action of Coal-Tar Creosote with Spe-

cial Reference to the Existence of a Barren Oil." Ind. & Eng. Chem., Vol. 24, July, 1932,

Page 772.

12. Schmitz, H.—"The Toxicity of Wood-Destroying Fungi of Coal-Tar Creosote-

Petroleum and Coal-Tar Creosote-Coal-Tar Mixtures."—Proceedings, American Wood
Preservers' Association, 1933, Pages 125-139.

13. Shipley, L. B.
—"Comments on Schmitz' Paper on Toxicity."—Proceedings,

American Wood Preservers' Association 1933, Pages 164-170.

14. von Schrenk, Hermann—^"Significance of Toxicity Determinations from a Prac-
tical Standpoint."—Proceedings, American Wood Preservers' Association, 1933, Pages 140-

155.

15. Bateman, E.
—"The Effect of Concentration on the Toxicity of Chemicals to

Living Organisms."—U.S. Dept. of Agri., Bulletin 346, March, 1933.

16. Rhodes, F. H. and Erickson, Ira
—

"Efficiencies of Tar Oil Components as Pre-

servatives for Timber."—Ind. & Eng. Chem., Vol. 25, No. 9, September, 1933, Pages 989-

991.

17. Rhodes, E. O., Roche, J. N. and Gillander, H. E.
—"Creosote Permanence

—

Toxicity Relationships."-— Proceedings, American Wood Preservers' Association, 1934.

Pages 65-78.

18. Williams, R. R., Waterman, R. E., and Wells, C. O.—"Chemical Studies of Wood
Preservation."—Analytical Edition, Ind. & Eng. Chem., September 15, 1934, Pages
308-313.

19. Preservatives Committee, American Wood Preservers' Association^"Toxicity,
Permanence and Residual Toxicity."—Proceedings. American Wood Preservers' Associa-
tion, 1933, Pages 31-32.

The above information is offered as a progress report.
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Committee.

To the American Railway Engineering Association:

Your Committee respectfully reports on the following subjects:

(1) Revision of Manual (Appendix A).

(2) Further research, including details of mill practice and manufacture as they

affect rail quality and rail failures, giving special attention to transverse fissure failures,

collaborating with the Rail Manufacturers' Technical Committee (Appendix B). Prog-

ress report.

(3) Compilation of statistics of all rail failures, making special study of transverse

fissure failures (Appendices C, D and E). Progress reports.

(4) Cause and prevention of rail battering and methods of reconditioning rail ends,

fastenings and frogs in track. Progress in study—no report.

(5) Economic value of different sizes of rail (Appendix F). Progress report.

(6) Rail lengths in excess of 39 feet (Appendix G). Progress report.

(7) Redesign rail sections. Progress in study—no report.

(8) Design joint bars for RE rail sections as developed (Appendix H). Partially

complete with recommended conclusions for publication in the Manual.

(9) Cause of the corrugation of rails. Progress in study—no report.

(10) Specification for classification of rail released from track—no report.

(Special) Consider design of joint bar of the angle bar type. Progress in study

—

no report.

(Special) Outline method for conducting service tests of the various types of joint

bars (Appendix I). Progress report.

The Committee on R.«l,

Earl Stimson. Chairman.

Bulletin 373, January, 1935.
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Appendix A

(1) REVISION OF MANUAL
A. F. Blaess, Chairman, Sub-Committee; John E. Armstrong, W. C. Barnes, N. J. Bough-

ton, C. B. Bronson, E. E. Chapman, W. A. Duff, L. C. Fritch, F. M. Graham,
C. R. Harding, G. W. Harris, C. P. VanGundy, C. E. Weaver, J. B. Young.

REVISION OF FORM 402-C

Page 11, Bulletin 337, 1931

Annual Report of Rail Failures

Your Committee recommends the following revision of Form 402-C for publxation

in the Manual.

Change heading to read "Association of American Railroads".

Change the words "Division IV^—Engineering" in heading to read "Engineering".

There seems to be no further necessity for separating failures in "A" and "B" rails

from other rails of the ingot in the rail failure statistics, but it is desirable to separate

the transverse fissure failures from other types and since the advent of detector cars lo

separate the detected failures from those found or occurring in service. The form has

been revised on this basis (See Exhibit A).

Exhibit A

Q ASSOCIATION OF AMERICAN RAILROADS
^-^ ENGINEERING

RAIL FAILURES FOR YEAR ENDING DECEMBER 31,19 RAILROAD
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REVISION OF FORM 402-C (a)

Page 12, Bulletin 337, 1931

Instructions tor Filling in Rail Failure Form 402-C

Your Committee recommends the following revision of Form 402-C (a) for publica-

tion in the Manual.

Change heading to read "Association of American Railroads".

Change the words "Division IV—Engineering" in heading to read "Engineering".

Present Form
1. Statistics are desired for all new rail

weighing 80 lb. per yard and over laid in

all main track. Include rail rolled during

the last 6 years only. Continue records

for 6 years unless rail has disappeared from
main tracks where originally laid. Omit
information for rolling of less than 500

tons.

Proposed Form
1. Statistics are desired for all new rail

weighing 80 lb. per yard and over laid in

all main tracks. Continue records until rail

has disappeared from main tracks where
originally laid. Omit information for roll-

ing of less than 500 tons.

The purpose of this revision is to make possible the preparation of both the fissure

failure statistics and the general rail failure statistics from the data reported on Form

402-C as soon as the accumulated record of transverse fissure failures covers a suffi-

ciently long service period. It therefore prepares the way for the ultimate elimination of

the separate fissure failure report Form 402-E, will result in reduction in the amount of

labor required for the preparation of the failure reports by the Railroads and will have

the very desirable effect of putting the two sets of statistics on a strictly comparable basis.

Proposed Form
4. Report all Rail Failures, listing sep-

arately in the proper columns under general
heading "Number of Failures" those which
broke in service and those removed from
track as a result of use of detector cars.

Proposed Form
9. Enter compound fissures and hori-

zontal split heads (horizontal fissures) un-
der "Head Failures".

Present Form
4. Report all Rail Failures, whether de-

tected by Testing Cars or other devices or

disclosed by inspection or by actual break-

age in service, in the proper columns un-
der general heading "Number of Failures."

Report number of rail failures detected by
test cars or other testing devices in column
headed "Total Failures Detected."

Present Form
9. Under "Number of Failures" the

sub-column headings "A" and "B" indi-

cate the letter stamped on the rail. The
"Total" column, however, should include

"A" and "B" rails and all lower rails from
the ingot. Enter transverse and com-
pound fissures under "Broken" and hori-

zontal fissures or horizontal split heads un-
der "Head" failures.

These changes conform with changes in Form 402-C.

10. Add in regular order the following conversion factors for new standard rail

sections:

112-lb 176.00 tons
131-lb 205.86 tons

15. Change "American Railway Association" to read "Association of American

Railroads."
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REVISION OF FORM 402-A

Pages 180-181, 1929 Manual

Foreman's Report of Rail Failure

Considerable progress has been made in the revision of Form 402-A but it is not in

final form for presentation. It is expected to complete this work during the current year

and make a final report to the next annual meeting.

REVISION OF SPECIFICATIONS FOR QUENCHED CARBON STEEL AND
ALLOY STEEL TRACK BOLTS

Pages 170-172, 1929 Manual

The present specifications were adopted in 1924. Canvass of the roads represented

on the Rail Committee shows 12 using AREA specifications without variation, S using

ASTM specifications without variation, while 11 vary more or less from either or bcth

of the above or use specifications prepared by themselves. Recognizing the des'rability

of uniformity, the Committee has tried to prepare specifications which may be used by
all railroads and hopes to receive their approval by the ASTM—copies have already been

furnished the Secretary of that organization. These specifications are presented at this

time as information.

(I) Materials

Present Form

1. (a) The steel for the bolts shall be made by the open-hearth process.

Proposed Form
1. (a) The steel for carbon steel boils shall be made by the open-hearth process.

Present Form

(b) The steel for the nuts shall be made by either or both the following processes:

Bessemer or Open-Hearth.

Proposed Form

(b) The steel for the nuts shall be made by either the Bessemer or open-hearth

process.

(II) Chemical Requirements
Present Form

2. The steel for the bolts shall conform to the following requirements as to chemi-

cal composition:

Carbon Not under 0.30 per cent

Phosphorus Not over 0.04 per cent

Proposed Form
2. The steel for the bolts shall conform to the following chemical composition:

Carbon, min. 0.35 per cent, Phosphorus, max. 0.04 per cent.

When high strength nuts are specified the steel for same shall conform to a carbon
range of min. 0.40 per cent, max. 0.55 per cent.

Present Form
3. An analysis of each melt of steel shall be made by the manufacturer to determine

the percentage of carbon, manganese, phosphorus and sulphur. This analysis shall be
made from drillings taken at least % inch beneath the surface of a test ingot obtained

during the pouring of the melt. The chemical composition thus determined shall be re-

ported to the Railway Company or their representatives, and shall conform to the re-

quirements specified in Section 2.
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Proposed Form
3. (a) An analysis of each heat of open-hearth steel shall be made by the manu-

facturer to determine the percentage of carbon, manganese, phosphorus and sulphur.

This analysis shall be made from drillings taken at least Y^ inch beneath the surface of a
test ingot obtained during the pouring of the heat. The chemical composition thus de-
termined shall be reported to the purch^iser or his representative and shall conform to the
requirements specified in Section 2.

(b) A carbon determination shall be made of each heat of Bessemer steel, and two
analyses every 24 hours representing the average of the elements carbon, manganese, phos-
phorus and sulphur contained in the steel, one for each 12-hour period, respectively.

These analyses shall be made from drillings taken at least ^ inch beneath the surface of

a test ingot obtained during the pouring of the heats. The chemical composition thus

determined shall be reported to the purchaser or his representative, and shall conform
to the requirements specified in Section 2.

Present Form
4. An analysis may be made by the Railway Company from a finished bolt repre-

senting each melt. The phorphorus content thus determined shall conform to that speci-

fied in Section 2.

Proposed Form
4. An analysis may be made by the purchaser from a finished bolt representing

each heat. The phosphorus content thus determined shall not exceed that specified in

Section 2 by more than 25 per cent.

(Ill) Physical Requirements

Present Form
5. (a) The bolts shall conform to the following minimum requirements as to

tensile properties:

Carbon Steel Alloy Steel

Ultimate tensile strength, lb. per sq. in 100,000 110,000

Yield point, lb. per sq. in 75,000 85,000

Elongation in 2 in., per cent 10 12

Proposed Form
5. (a) The bolts shall conform to the following minimum requirements as to ten-

sile properties:

Carbon Steel Alloy Steel

Ultimate tensile strength, lb. per sq. in 100,000 115,000
Yield point, lb. per sq. in 75,000 85,000
Elongation in 2 in., per cent 12 15

Reduction in area, per cent 25 35

Present Form

(b) The yield point shall be determined by the drop of the beam or by the divid-

ers, the method being optional with the mspector and at a cross-head speed not to exceed

Yi inch per minute. The tensile strength shall be determined at a speed not to exceed

V/z inches per minute.

Proposed Form
(b) The yield point shall be determined by the drop of the beam or by halt in the

gage of the testing machine operated at a cross-head speed not in excess of Y» inch per
minute. The tensile strength shall be determined at a speed not in excess of 1^ inches

per minute.

Present Form
(c) The capacity of the nut in developing the full strength of the bolt shall be

determined by a strip test. The threads must not strip when the bolt, with nut fully

mounted, is tested in tension to its yield point, the load being applied to the head and
the outside of the nut.



524 Rail _^____

Proposed Form
(c) The capacity of the nut in developing the full strength of the bolt shall be de-

termined by a strip test. The threads must not strip when the bolt, with nut fully

mounted, is tested in tension to its yield point.

Present Form
6. Full-size bolts shall bend cold through 45 degrees around a pin, the diameter of

which is equal to the diameter of the bolt, without cracking on the outside of the bent

portion.

Proposed Form
6. No change.

Present Form

7. Tension test specimens shall be taken from the finished bolts and shall conform

to the dimensions of the ASTM standard test specimen. The ends shall be of a form

to fit the holders of the testing machine in such a way that the load shall be axial.

Proposed Form

7. No change.

Present Form

8. (a) One tension, one bend, and one strip test shall be made from each lot of

SO kegs or fraction thereof.

Proposed Form

8. (a) No change.

Present Form
(b) If any test specimen shows defective machining or develops flaws, it may be

discarded and another specimen substituted.

Proposed Form
(b) No change.

Present Form
(c) If the percentage of elongation of any tension test specimen is less than that

specified in Section 5 (a) and any part of the fracture is more than Y^ inch from the

center of the gage length, as indicated by scribe scratches marked on the specimen before

testing, or if the bend test specimen breaks in the threaded portion, a retest shall be

allowed.

Proposed Form

(c) No change.

Present Form
9. If the results of the physical tests of any test lot do not conform to the re-

quirements specified, the manufacturer may retreat such lot one or more times, in which

case two additional tension and two additional bend tests shall be made from such lot,

all of which shall conform to the requirements specified.

Proposed Form
9. If the results of the physical tests of any test lot do not conform to the require-

ments specified, the manufacturer may retreat such lot not more than twice, in which case

two additional tension and two additional bend tests shall be made from such lot, all of

which shall conform to the requirements specified.

(IV) Design and Tolerance

Present Form
10. (a) The nominal size of rolled thread bolts shall be the overall diameter of

the rolled threads.

Prnpo'^pd Form

10. (a) No change.
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Present Form
(b) The bolts and nuts shall conform to the dimensions specified by the Railway

Company, subject to the following variations: A variation of 1/32 inch under and 1/64
inch over the specified diameter of the shank of the bolt will be permitted. The diam-
eter of the shank shall not be below the diameter of the rolled thread by more than
1/16 inch for bolts % inch in diameter and under, nor more than 3/32 inch for bolts

1 inch in diameter and over. The length of the bolt under the head shall not vary more
than Ys, inch from that specified. A variation in the dimensions of the elliptical shoul-

ders under the head of 1/32 inch will be permitted.

Proposed Form
10. (b) The bolts and nuts shall conform to the plans specified by the purchaser,

subject to the following variations:

Shank plus 1/64 in. or minus 1/32 in.

Shank in relation to diam. of rolled thread
Bolts Yi in. and under minus 1/16 in.

Bolts 1 in. and over minus 3/32 in.

Neck plus 1/32 in. or minus 1/32 in.

Length under head plus 1/8 in. or minus 1/8 in.

Height and diameter of head plus 1/16 in. or minus 1/16 in.

Nut—width minus .05 X thread diam. of bolt

Nut—height plus or minus (.016 X thread diam. of bolt) — 0.12 in.

(V) M.XNITFACTUP.E
Present Form

11. The bolts and nuts shall be neatly formed and free from fins or nicking. The
head of the bolt shall be concentric with and firmly jointed to the shank, w'th the under
side at right angles to the axis of the bolt. The threads shall be sharp and true to gage

and may be rolled or cut. The nuts shall have a handfree fit on the bolt from four to

six turns and tight with a iS-inch wrench the balance of the screw length without dis-

torting the threads. They shall be screwed on the bolts before packing a suffic'ent number
of turns to hold them in place until us3d. The bolts shall enter the quenching medium
at a temperature of not less than (790 degrees C.) 1450 degree Fahr.

Proposed Form
11. (a) The bolts shall enter the quenching medium at a temperature of not less

than 1450 degrees Fahr. (7Q0 degrees C).
(b) The bolts and nuts shall be neatly formed and free from fins or nicking. The

head of the bolt shall be concentric with and firmly jointed to the shank, with the under
side at right angles to the axis of the bolt.

(c) The threads on bolts may be rolled or cut and shall be sharp and true to gage
on both bolts and nuts. The threads shall conform to the American Standard or be the

Harvey Grip thread. The nuts shall have a handfree, but not loose fit on the bolts

for two to three turns and wrench tight the remainder of the screw length without dis-

torting the threads or nut. Wrench tight fit shall show a minimum resistance of 20

pounds and a maximum of 70 pounds applied at the end of a 24-inch wrench. Before

packing, nuts shall be screwed on the bolts enough turns to hold them in place until used.

Present Form
12. The finished bolts and nuts shall be free from injurious defects and shall have

a workmanlike finish.

Proposed Form

12. No change.

(VI) Inspection
Present Form

13. The inspector representing the Railway Company shall have free entry at all

times, while work on the contract of the Railway Company is being performed, to all

parts of the manufacturer's works which concern the manufacture of the bolts and nuts
ordered. The manufacturer shall afford the inspector, free of cost, all reasonable facili-

ties to satisfy him that the bolts and nuts are being furnished in accordance with these

specifications. All tests (except check analysis) and inspection shall be made at th:
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place of manufacture prior to shipment, unless otherwise specified, and shall be so con-

ducted as not to interfere unnecessarily with the operation of the works.

Proposed Form
13. The words "Railway Company" are changed to "Purchaser".

Present Form
14. (a) Unless otherwise specified, any rejection based on tests made in accordance

with Section 4 shall be reported within five working days from the receipt of samples.

Proposed Form
14. (a) No change.

Present Form
(b) Bolts and nuts which show injurious defects subsequent to their acceptance

at the manufacturer's works will be rejected and the manufacturer will be notified.

Proposed Form
(b) No change.

Present Form
15. Samples tested in accordance with Section 4 which represent rejected bolts shall

be preserved for two weeks from the date of the test report. In case of dissatisfaction

with the results of the test, the manufacturer may make claim for a hearing within that

time.

Proposed Form
15. No change.

(VII) Marking
Present Form

16. (a) A letter or brand indicating the manufacturer and the initials "H T" shall

be pressed on the head of the bolt when it is formed.

Proposed Form
16. (a) A letter or brand indicating the manufacturer and the last two figures of

the year in which bolts are made shall be pressed on the head of the bolt when it is

formed.

Present Form
(b) All containers shall be marked by the manufacturer as follows:

(1) Name of manufacturer.

(2) Material (carbon or alloy steel).

(3) Size of bolts (diameter and length).

(4) Weight.

Proposed Form
{h^ All containers shall be marked by the manufacturer as follows:

(1) Name of manufacturer.

(2) Material (carbon or alloy steel).

(3) "HT" (to indicate Heat Treatment).

(4) Size of bolts (diameter and length).

(5) Weight

Appendix B

(2) FURTHER RESEARCH, INCLUDING DETAILS OF MILL PRAC-
TICE AND MANUFACTURE AS THEY AFFECT RAIL QUALITY
AND RAIL FAILURES, GIVING SPECIAL ATTENTION TO
TRANSVERSE FISSURE FAILURES, COLLABORATING WITH
THE RAIL MANUFACTURERS' TECHNICAL COMMITTEE

Earl Stimson, Chairman, Sub-Committee; W. C. Barnes, A. F. Blaess, C. B. Bronson,

E. E Chapman, R. Faries, John V. Neubert, G. J. Ray, W. P. Wiltsee, Louis Yager.

The Committee submits the following progress report:

For a general outline or program of the Joint Investigation, being carried on at the

University of Illinois by the Rail Committee and by the Rail Manufacturers' Technical
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Committee, to determine the cause of and remedy for transverse fissure and other rail

failures, which investigation is now in its fifth year, reference is made to the Committee's

report to the March, 1932, Convention (AREA Proceedings, 1932, Vol. 33, pages 557-8).

During the past year extended field investigations were made of the dynamic wheel

loads on 100 and 130-lb. rails on the Baltimore & Ohio track at Dayton, Oh o, caused by

the regular run of traffic as well as by a special test train with measured flat spots on

several wheels. Similar tests were also made on track laid on different kinds of roadbeds

as well as tests made when roadbed was frozen. The laborious work of reducing the

test data is under way. Another series of wheel load tests was made on the Pennsyl-

vania Railroad.

A series of tests of rail steels under controlled low temperature conditions is in

progress at Wright Field, Dayton, Ohio, through the courtesy of the United States Army
Air Corps.

The laboratory work at the University of Illinois is continuing. Among the addi-

tions to the program on which work has been started are tests of rail using the bend

test in comparison with the drop test and a series of tests of rails made by various con-

trolled cooling processes to determine their effect in minimizing shatter cracks in the steel.

Valuable data is being obtained and the program for the coming year, which is the

last of the five-year program, is as follows:

1. Reduction of data of wheel load tests and further field tests for wheel loads.

2. Completion of tests of thermally-treated rails and reduction of data.

3. Further tests of specimens of steel from various rail heads including physical,

metallographic and chemical tests.

4. Completion of tests and reduction of data for steel tested at low temperatures.

5. Summary of studies of rail mill practice.

6. Summary of results of search for non-destructive test for 'shatter cracks", espe-

cially to see what suggestions may be made in connection with detection of fis-

sures in service.

7. Summary of metallographic and chemical studies.

8. Preparation of formal report.

Appendix C

(3) RAIL FAILURE STATISTICS FOR 1933

By W. C. B.ARNEs, Engineer of Tests, Rail Committee

The Rail Failure Statistics for the year ending December 31, 1933 appearing in this

report have been compiled in accordance with the standard method of basing the failure

rates on mile years of service in track.

The reported tonnages and track miles of rollings for 1928 and succeeding years em-
bodied in these statistics are as follows:

Year Rolled Tons Track Miles

1928 1,683,769 9,746

1929 1,711,416 9,740

1930 1,212,650 6,835

1931 748,837 4,218

1932 206,067 1,180

Totals 5,562,739 31,719

Table 1 shows the average failures per 100 track miles of rail in service which oc-

curred in one to five year service of all the r^il reported from rollings of 1928 to 1932

inclusive, from all mills together with results taken from previous reports which include

both Bessemer and open-hearth rails. The 1928 rollings, whose period of observation

is now concluded, show an average of 76.4 failures per 100 track miles during the five

year period, a decrease of 36.0 failures below those reported last year for the 1927 rollings.

This failure rate for the 1928 rollings is the lowest that has been recorded since these
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rail failure statistics have been presented with the single exception of the rate of 74.0

reported for the rollings in 1914. Both service and detected failures are included in this

Table.

Fig. 1 shows diagrammatically the five year averages from Table 1 and from previous

reports.

1^
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Fig. 3.—Failure Rates from Date Rolled to December 3i, 1933, by Mills.

(Service and Detected Failure Rates Shewn Separately)
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Table 1

AVERAGE FAILURES PER 100 TRACK MILES—ALL MILLS

Year
Rolled
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Table 3.

—

Average Weights of Rails Compiled from Tonnages UsEd in this Report

Mill
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(3)

Appendix D

TRANSVERSE FISSURE STATISTICS

By W. C. Barnes, Engineer of Tests, Rail Committee

These statistics constitute a cumulative record of 74,405 transverse fissure failure?

which have been reported up to and including December 31, 1933. They include all

fissured rails reported whether located by actual breakage in track or detected before

breakage by inspection or test. This total, however, does not represent all transvers?

fissure failures that have occurred for the reason that while the records on some roads

have been cumulative for over twenty years, those on other roads are of more recent

origin and some roads do not report such failures at all. Compound fissures and hori-

zontal split heads (horizontal fissures) are not included.

Table 1 corresponds with Table 1 of last year's report and shows the number of

transverse fissure failures reported by each of 54 roads and the years in which such fail-

ures occured. The service and detected failures which occurred each year are listed

separately and the combined accumulated totals to December 31, 1933 are given. The
total failures for any year on any road can be obtained by adding the service failures

and the detected failures for that year.

The accumulated grand total of fissure failures, service and detected, reported to

December 31, 1933 from all rollings was 74.405 or an addition during the year of 9,124,

which is 2,070 more than were reported in 1932. This increase is made up of a decrease

of 161 service failures and an increase of 2,231 detected failures.
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Fissure failures reporter! since 1924 as occurring in the first year of service are as

follows:

29 Failures in 1925 from 1925 Rollings, All Mills

SO
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Fig. 2 is a mill rating chart and shows separately the service and detected transverse
fissure failure rates per 100 average track miles per year of each of the 1026 to 1930
rollings of each mill from date rolled to December 31, 1033, unweighted for traffic. This
chart is a refinement of and supersedes the mill rating charts previously published which
presented average rates for the five years' rollings of each mill, with no separation of serv-
ice and detected failures. The use of this new mill rating chart (Fig. 2) makes unneces-
sary the Table .i previouMy published and it has therefore been discontinued.

Fig. 3 shows graphically the average rates of failure by mills from Fig. 2 modfied
by the application of average traffic density factors. The method of obtaining these
factors has been explained in detail in preceding reports.
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Appendix E

THE AAR DETECTOR CAR

By W. C. Barnes, Engineer of Tests, Rail Committee

On November 14, 1934, the AAR Detector Car completed its sixth year of successful

operation under the direction of the Rail Committee. We are pleased to armounce that

during the last year the detecting equipment was transferred to a new, up to date car

of the trailer type specially designed and built for the purpose. This car is of heavy

construction throughout and has superior riding qualities. It is 7 ft. 3 in. longer than

the old car which permits a much better layout of the detecting equipment and provides

ample room for the operators and for railroad representatives. Its wheel base is 12 feet,

as compared with 8 feet 5]4 in. in the old car.

Plate 1.—Side View of Tow and Detector Car.

In former years the lessee roads were required to furnish and operate the necessary

towing equipment. Few roads had tow cars available that were capable of standing up
under the extremely exacting conditions of detector car service. The inadequate power
furnished frequently failed in service causing serious delays which resulted in a demand
that we furnish towing service.

Plate 2.—Interior of Tow Car—Front End.

During the last year, a tow car designed for the purpose was added to the AAR
equipment. It is of the same size and general design as the new detector car except for

the changes required for engine mounting, etc. Its wheel base is 10 ft., has chain drive
to both axles, and is powered with a 111 BHP Buda engine. Sleeping quarters, shower,
lavatory and facilities are provided for the crew. Both of these new cars are equ'pped
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with air brakes and have good riding qualities while running light at a speed of 45 m.p.h.

Exterior views of the tow and detector cars and interior views of the tow car appear

in the accompanying plates.

Plate 3.—Interior of Tow Car—Rear End.

To cover the additional cost of providing tow car service, including services of a

tow car driver, the rental charge has been increased from a flat rate of $85.00 to $100.00

per day. This, of course, relieves the lessee roads from furnishing and maintaining the r

own tow car equipment and driver. We estimate that despite the increase in rental,

the net cost to lessee roads per mile tested will be reduced due to reduction in time re-

quired for repeat tests, to less time lost on account of tow car failure and to reduced

maintenance expense.

Appendix F

(5) ECONOMIC VALUE OF DIFFERENT SIZES OF RAIL

J. M. Farrin, Chairman, Sub-Committee; W. C. Barnes, J. B. Baker, F. L. C. Bond,

C. T. Dike, Robert Faries, F. W. Gardiner, C. R. Harding, C. W. Johns, H. C.

Mann, A. N. Reece.

The economic value of the various sizes of rail depends upon:

1. Weights of wheel loads to be carried.

2. Speed at which these loads are carried.

3. Number of wheel loads carried in a unit of time.

4. Life of rail in first location.

5. Interest on cost of rail and fastenings.

6. Labor maintaining.

7 Labor renewing rail.

8. Tie renewals caused by mechanical wear.

Study of these eight items develops at once that the effect of the first two depends

upon the character of traffic carried, whereas the effect of the remaining six depends up-

on the amount of traffic. It is therefore apparent that items 1 and 2 being a function of

weight and speed are susceptible of mathematical analysis, while the remaining items

being a function of the amount of traffic can only be solved by the practical experience

of the railroads. It is therefore logical to divide this study into two parts:
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(A) Stresses in the different sizes of rails caused by typical engines running

at different speeds.

(B) Costs of owning and maintaining the different sizes of rails under varying

traffic densities.

(A) STRESSES IN RAILS

The traffic requirements of different railroads and also divisions of the same railroad

vary considerably and consequently weight of their motive power and speed with which

their trains move also varies. As motive power and speed varies so much on different

railroads it is not practical to compute stresses in the different rails, it being considered

best for each interested road to compute these stresses for its own power and speed by

the methods developed by the Special Committee on Stresses in Track and published in

Vol. 19, page 895, of the Association's Proceedings. After this has been done and mini-

mum weights determined which will meet requirements, economic size of rail can then

be determined by methods proposed under "B"—Costs of Owning and Maintaining the

Different Sizes of Rails Under Varying Traffic Densities.

(B) COSTS OF OWNING AND MAINTAINING THE DIFFERENT SIZES OF
RAILS UNDER VARYING TRAFFIC DENSITIES

In order that the different rails may be compared with each other, it is necessary

that their effect upon the entire structure be considered. For the purposes of this study,

it will be considered that the rails when placed are supported on the identical tie, ballast,

and roadbed conditions. This rail support is considered to be a uniform, elastic support

in the formulae developed by the Special Committee on Stresses in Track, AREA Vol. 19,

page 887, and is represented by the modulus of elasticity of rail support termed U. Field

tests made by the Committee have shown a surprising amount of variation not only in

the value of U from tie to tie, but also in the amount of play between rail, tie, and

ballast.

If the rail were supported on a uniform elastic support, then the rail would need

only to have sufficient strength to transmit the wheel load to the adjoining ties. The
amount of rail depression would have no effect on track maintenance cost because no

track labor would be required after the track was once placed to the desired surface.

The requirement for track maintenance is the result then of the actual variation in track

from the theoretical consideration of a perfectly uniform and elastic rail support. The
value of heavy rail, with particular respect to maintenance costs, depends then on its

ability, by reason of its girder stiffness, not only to resist these variations in support,

but also to retard their formation after track is properly tamped, and so provide a

smooth running surface for the wheel loads.

The stiffness of the rail itself is indicated by its moment of inertia. This is shown

in the following tabulation for the different rail sections included in this study, both in

units of inches and relative to the moment of inertia of the 8S-lb. section:

Weight Moment
of Rail of Inertia Relative

Inches*

85 34.0 1.00

90 38.7 1.14

100 49.0 1.44

110 57.0 1.68

112 66.1 1.94

131 88.6 2.61

152 128.6 3.78
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The general stiffness of track and the ability of rail to provide a smooth surface is

indicated by its resistance to depression from a single wheel load, which resistance is

measured by the formulae:

P
Yo =

W64£/C/'

in which:

Yo = Depression of rail at wheel load in inches.

E z= Modulus of elasticity of steel = 29,000,000 lb.

/= Moment of inertia of rail.

U = Modulus of elasticity of rail support being defined as number of

pounds per linear inch of rail necessary to depress track struc-

ture one inch.

P = Wheel load in pounds.

Inspection of this formula shows that track resistance to depression for any single

wheel load varies inversely, as:

*V64EIU'

and if we call this track resistance R, then:

and by substituting for E its value of 29,000,000, this expression becomes:

R = 20S WW
from which it is to be noted that track resistance to depression varies directly as the fourth

root of the moment of inertia of the rail and the three-fourths power of the rail support

stiffness factor U.

The moment of inertia / for any rail is known, but the value of U has to be deter-

mined by experiment. For any value of U, track resistance R can be easily computed by

means of above formula for the different rails, and this has been done and shown

graphically as Exhibit 1 from which the value of R can be read for given value of U and

moment of inertia of rail.

Inspection of Exhibit 1 shows that rate of increase of R as moment of inertia of rail

increases is less for small values of U than for the larger values, but that percentage in-

crease in value of R is the same for any value of U. Exhibit 1 shows value of R for

U= 1,000, 1,600 and 2,400 for the different rails to be:

R for different values of U
t/= 1,000

Weight R Relative

of Rail Value

85 89,000 l.OC

90 92,000 1.03

100 98,000 1.10

110 102,000 1.14

112 105,000 1.18

131 114,000 1.28

1S2 125,000 1.40

From this statement it is seen that track resistance to depression from a single

wheel load is increased 40 per cent by changing from 85-lb. rail to 152-lb. with a lesser

percentage for the intermediate values,

u =
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It is recognized that the application of this theoretical formula to a group of wheel

loads as ordinarily spaced gives but little difference in track depression for different

weights of rail. The above comparison is considered to represent the value of g'rder

stiffness of the rail in overcoming variations in rail support rather than the relative de-

pression of the different rails for a uniform rail support.

Both the stiffness of the rail itself as indicated by its moment of inertia and the

stiffness of the combined rail and track structure as indicated by the track resistance R,

are of value in preventing and resisting the irregularities and variations in track. As yet,

the Committee has been unable to put a money value on rail stiffness and therefore sub-

mits this as a progress report with recommendation that the subject be continued.

Appendix G

(6) RAIL LENGTHS IN EXCESS OF 39 FEET

R. T. Scholes, Chairman, Sub-Committee; W. C. Barnes, J. B. Baker, F. S. Hewes, C. W.
Johns, A. A. Miller, J. C. Patterson, G. A. Phillips, H. C. Mann, J. E. Willoughby.

The Committee in its further study of this subject, has found it to be extremely

complex, involving, as it does consideration of the economic advantages and disadvantages

of different standard lengths of rail, the actual experience and results obtained both in

the United States and Canada, also in Europe and other parts of the world, w'th rails

longer than those now in general use in this country.

The question of mill conditions, manufacturing difficulties, cost, loading on cars

and transportation, also the difficulty of establishing a common standard length which

will hold good for a long term of years so that the steel companies could plan ahead and

adjust their plant facilities to the changed conditions, with some assurance that the new

standard would remain fixed over a period of years, are all involved in the study.

Code specifications and base prices for the proposed standard length will have to be

agreed upon with the authorized representatives of the Iron and Steel Institute in order

for the Committee to be in a position to make a definite recommendation to the Asso-

ciation for a new standard length.

The Committee is actively engaged in securing extensive detailed information as to

experience obtained here and abroad with long length rails but this has not yet de-

veloped to a point where it is possible to reach definite conclusions.

The Committee reports progress and recommends that the subject be continued.
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Appendix H

(7) DESIGN JOINT-BARS FOR RE RAIL SECTIONS
AS DEVELOPED

J. E. Willoughbv, Chairman, Sub-Committee; W. C. Barnes, C. T. Dike, F. S. Hewes,
W. H. Kirkbride, Wm. Michel, A. A. Miller, E. E. Oviatt, W. H. Petersen, L. Yager.

(1) Joint Bars for 90-lb. and 100-lb. Rail

The design of joint bars for 90-lb. and 100-lb. RE rail was undertaken by the Sub-

Committee and progress is reported.

(2) Joint Bars for the 131-lb. RE Rail

The Committee submits herewith a design of joint bar for the 131-lb. RE rail. In

the study of joint bar design the Committee has been largely guided by the results of the

work of the Committee on Stresses in Railroad Track on this subject as reported on in

the Fifth and Sixth Progress Reports of that Committee.

These reports indicate the symmetrical type of joint bar as best meeting the require-

ments of a rail-joint bar. On page 262, Bulletin 358, Sixth Progress Report, this state-

ment is made: "When the bar is symmetrical with respect to the ho'rizontal geometric

axis, the application of a vertical bending moment results in a vertical deflection and the

stresses are proportional to the vertical distance from this axis, even without lateral re-

straint, except for any twist that may be given from the bearing loads and reactions of

the bar not being in the same plane. Symmetry of section is thus advantageous in pro-

moting efficiency in flexural resistance, in avoiding lateral deflection from vertical loads,

and in obviating the need for more than moderate bolt tension."

Study section "G" for the 131-lb. rail, described in the Sixth Progress Report, was

accepted by the Committee as the ideal section. It was found that some features of this

"G" section conflicted with certain patent claims. This section has been modified so as

to avoid conflict with any patent claims and at the same time keep the amount of dis-

symmetry within the limit that may be included in the term "symmetrical type bar".

This limit is given as, "a dissymmetry that requires the application of a lateral restrain-

ing moment equal to one-tenth of the applied vertical moment to maintain the neutral

axis in a horizontal position may not be considered objectionable" (see Sixth Progress

Report, page 263, Bulletin 358).

The design of joint bar submitted herewith fulfills these conditions, and is repre-

sentative of the type bar the Committee recommends. It is of the same general design

as the 112-lb. joint bar section adopted last year by the Association.

Both the Eastern and the Western Railroad Associations have rendered opinions that

this joint bar section does not infringe any known patents.

The Committee is indebted to Dr. A. N. Talbot and Mr. F. S. Hewes for the large

amount of work they have done for the Committee in the development of this section.

It is recommended that the joint bar section for the 131-lb. rail herewith presented,

be adopted and published in the Manual.
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Appendix I

(SPECIAL) OUTLINE METHOD FOR CONDUCTING SERVICE
TESTS OF THE VARIOUS TYPES OF JOINT BARS

J. C. Patterson, Chairman, Sub-Committee; W. C. Barnes, W. A. Duff, F. M. Graham,
F. S. Hewes, A. A. Miller, G. A. Phillips.

This subject originated with the Committee and has not been officially assigned to it.

Its purpose is to provide an outline for the tests of joint bars which the Committee is

about to undertake. The outline is presented below as information.

(A) Joint Bars to be tested:

112-lb RE
Santa Fe T-3 AREA
Mo. Pacific T-112 B-3
Mo. Pacific T-112 B-4
So. Pacific T-93701
B. & O. T-112 B-5

Erie )

C&O
NKP
PM

131-lb. RE

T-93631

Union Pacific T-131 B-8
So. Pacific T-93711
B. & O. T-131 B-9
Penna. T-131 B-2
Erie

C&O
NKP
PM

T-93621

(B) Lengths of joints to be as specified by the designing Railroad:

Maximum camber on top fishing surface from level up not to exceed 1/32 inch.

(C) Number of joints to be 40 of each design, applied 20 on tangent (10 on each rail)

and 20 on curve (10 on each rail), each type to be applied consecutively, not alter-

nately. The curvature for test on curved track to be between 5° and 8°.

(D) The location to be selected to have maximum tonnage available, preferably with

maximum freight train speeds, and, in addition passenger traffic, if possible. The

test track to be in one continuous stretch for each weight of rail, having uniform

traffic and physical conditions.

(E) Service test records to be compiled:

1.—Rail Wear.

To be ascertained by use of contour machine, taking contour as near to end

of rail as machine will allow, and one (1) inch from end of joint, when rail is new

and before application of joint, and when rail is removed from track.

2.—^Rail Batter and Permanent Set.

Rail batter to be measured with a 10" straight edge equipped with Ames Dial

Depth Gage.

Permanent set to be determined by use of a 4 ft. straight edge and taper gage,

taking readings at 0"—3"—6"—12"—18" from end of rail.
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3.—Joint Wear.

Joint wear to be determined by taking the out to out measurement at the top

and bottom of the joint bar at the middle and over each bolt.

4.—Expansion Gap.

To be measured with a taper gage, and the temperature at time of measurement

recorded.

5.—Additional data to be compiled.

(a) First cost of joint

(b) Cost of installation

(c) Cost of tightening bolts

(d) Cost of tamping joints

(e) Tonnage statistics.

Service test records to be compiled at yearly intervals.

(F) Initial bolt tension to be applied and maintained:

For each bolt in 4-bolt joints 20,000 lb.

For each bolt in 6-bolt joints 15,000 lb.

In order to secure the specified bolt tension, Triiiex Springs which have been

calibrated to contact the face of the joint bar at 20,000 lb. and 15,000 lb. respec-

tively, are to be used with all bolts.

Tension of bolts at time of tightenings to be determined by use of the "Losen-

hausenwerk" wrench.

Track to be maintained m same manner as ordinary standard track.

Bolts to be tightened similar to non-test track, but when bolt tightening is

necessary, readings of the tension are to be made prior to and after tightening,

and the initial tension restored. Full record of tightenings to be made as to fre-

quency and amount; also a record kept of the cost.

(G) Laboratory tests of each type of joint to be made by Dr. Talbot to determine stress

and deflection developed under similar lead conditions.

(H) Railroad on which tests are to be made:

An analysis of the joints available for test indicates that the majority comply

with the AREA recommended drilling. It would, therefore, appear desirable to

select a railroad whose standard drilling was AREA. Your Committee recommends

the 131-Ib. joint test be conducted on the Baltimore and Ohio Railroad, and the

112-lb. joint test either on the Baltimore and Ohio Railroad or the Missouri

Pacific Railroad. The suggestion of the test for the 112-lb. joint on the Missouri

Pacific Railroad is made in view of the possible desirability of making the test

readily accessible for the Western railroads, they being more concerned with the

112-lb. joint than the 131-lb. joint.
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Committee.

To the American Railway Engineering Association:

Your Committee respectfully presents reports on the subjects assigned, as follows:

1. Revision of Manual (Appendix A).

2. String lining of curves by the chord method and preparation of tables suitable

for use of trackmen (Appendix B). Complete, with recommendation that Exhibits 1 to 6

be adopted as recommended practice.

3. Plans and specifications for track tools, collaborating with Committees I—Road-

way, II—Ballast and XXII—Economics of Railway Labor (Appendix C). Progress

report.

4. Plans for switches, frogs, crossings, slip switches, etc. (Appendix D). That

Plans 811, 812, 820, 821, 831, 832, 834 and 840 and Appendix D, dated March, 1935,

1 sheet, in this appendix be adopted as recommended practice, and that Plans 325 and

793 be received as information.

5. Track construction in paved streets, collaborating with Committee IX—^High-

ways (Appendix E). Progress in study—no report.

6. Corrosion of rails and fastenings in tunnels, collaborating with Committee TV

—

Rail (Appendix F). Progress in study—no report.

7. Design of tie plates for RE rail sections as developed, collaborating with Com-

mittees III—Ties and IV—Rail (Appendix G). Progress in study—no report.

8. Practicability of using "Reflex" units for switch lamps and targets, collaborating

with Committee X—Signals and Interlocking (Appendix H). Progress report.

9. Design and specifications for anti-creepers for RE rail sections as developed

(Appendix I). Complete.

10. Reclamation of serviceable materials from scrap and retired maintenance of way

structures machines, tools, and appliances, collaborating with Committee XXVII

—

Maintenance of Way Work Equipment and with Purchases and Stores Division (Ap-

pendix J). Progress in study—no report.

11. Determination of the limiting relative positions of the abutting rails of fixed and

drawspans on bridges and proper tolerances, collaborating with Committees X—Signals

and Interlocking, XV—Iron and Steel Structures, and with Signal Section (Appendix K).

Progress report.

The Committee on Track.

C. J. Geyer, Chairman.
Bulletin 373, January, 193S.

S5S
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Appendix A-1

(1) REVISION OF MANUAL

C. J. Geyer, Chairman, Sub-Committee; W. G. Arn.

The Committee recommends:

(1) That the following plans, temporarily withdrawn in Marclh, 1934, from the

Book of Trackworii Plans, be now permanently withdrawn: Plans Nos. 801, 802, 803,

804, 851, 852, 853, 854, 890, 951, 952, 954, and 955; substitute plans, bearing different

numbers, of Double Slip Switches and Movable Point Crossings, are presented in Ap-

pendix D.

(2) That Plan No. 240, adopted March, 1929, revised March, 1934, be revised by

the substitution of a new plan, presented herewith, of the same number dated March,

1935. The last revision consists of the addition of a drawing of an adjustable rail brace

that corresponds with the written specifications on tlie original plan.

(3) That Plans Nos. 760 and 761, adopted March, 1922, revised March, 1934, be

revised by the substitution of news plans, presented herewith, of the same numbers, dated

March, 1935. The last revision consists of the interchange of the graphic port'on now

appearing on the two plans.

(4) That the Definitions of Switch, Frog, Guard Rail, Crossing and Turnout

terms, adopted as Appendix C, March, 1924 and temporarily withdrawn as Appendix B,

March, 1934, be permanently withdrawn and Appendix B, March, 1935, presented

herewith, be substituted therefor.

(5) That the Index, Adopted March, 1934, be revised by the substitution of new

Index, dated March, 1935, and presented herewith.

(6) That instead of revising or reprinting a number of other plans, to avoid ex-

pense, the necessary corrections be taken care of by the addition of a new page, pre-

sented herewith, bearing the heading "AREA Errata" marked "Appendix E" and dated

March, 1935.
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Appendix A-2

(1) REVISION OF MANUAL

Elmer T. Howson, Chairman, Sub-Committee; Lem Adams, H. R. Clarke, F. H. Masters.

C. W. Breed, J. de N. Macomb, E. D. Swift.

Your Committee has reviewed the material in the Manual, and recommends the

following revisions:

(1) MAINTENANCE OF LINE

In the 1929 edition of the Manual there is presented on pages 202-3 a discussion of

easement curves. The principles there set forth were last revised some 20 years ago

and they are now obsolete in several respects, especially by reason of the introduction

during the last year of trains operating at higher speeds than were employed previously.

There is also presented near the bottom of page 203 a statement reading as follows:

"The 10-chord spiral is recommended. Chords of any part of this spiral length may be

used in staking out the 10-chord spiral when the central angle is small. To secure the

most accurate results, chords approximately one-tenth the length of spiral should be used

when the central angle exceeds IS degrees." On pages 204-227, inclusive, there follows

a detailed development of the mathematics of this spiral, followed by a table of func-

tions of this spiral. To determine the extent to which this spiral meets the needs of the

railways, as reflected by their use of it, a questionnaire was addressed to engineering

officers on 41 of the larger roads, inquiring whether they used this spiral and whether the

retention in the Manual of this information would be of interest or help to them.

Thirty-two replies were received and of these only three reported using the 10-chord

spiral and only seven favored the retention of this material in the Manual. It is obvi-

ous, therefore, that this voluminous material, which has been incorporated in the Manual

of Recommended Practice for more than twenty years, has failed of general acceptance.

In view of the above, the Track Committee will undertake the review of that ma-

terial now in the Manual dealing with maintenance of line, looking to the revisions of

those statements of principles and the selection of that spiral that will most completely

and conveniently meet the practices and requirements of the railways, looking to its sub-

stitution for the material now in the Manual.

(2) MAINTENANCE OF SURFACE

(a) (Elevation of Curves). Recognizing that we are in the beginning of an era

of markedly increased speeds for passenger trains and the intimate relationship that the

super-elevation of curves bears to the operation of these trains, the Track Committee

will undertake the revision of the information now appearing on pages 228 and 229 of

the Manual on the elevation of curves and especially the revision of the table on curve

elevation to accord with these new conditions.

(b) (Vertical Curves). It is recommended that the material under this heading

appearing on page 229 be withdrawn from the Manual and that the material immedi-

ately following be substituted therefor.

Vertical curves should be used to connect all changes in gradients.

The length of a vertical curve is determined by the gradients to be connected.

The rate of change for tracks of given character with a vertical curve concave up-

wards (a sag) should be one-half the rate of change with the vertical curve concave

downward (a summit).
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For high speed main tracks the rate of change should not be more than 0.054 ft. per

station (of 100 ft.) in sags and not more than 0.10 ft. per station (of 100 ft.) on summits.

For secondary main tracks, the rates of change may be twice those for high speed

main tracks.

For tracks of lesser importance, rates of change may be relatively large but should

not be greater than practical considerations will permit.

One such form of vertical curve is developed as follows;

L =^ Length of vertical curve

R ^ Rate of change per station

D =z Algebraic difference of rates of grade

M = Correction in elevation at B
D

L=—
R

M= When vertical curve is concave downwards

—

(Elev. g X 2) — (Elev. A + Elev. C)

4

M =z When vertical curve is concave upwards

—

(Elev. A + Elev. C) — (Elev. BX2)
4

The correction for any other point on a vertical curve is proportional to the square

of its distance from .4 or C to B.

Corrections are— when the vertical curve is concave downwards and + when the

vertical curve is concave upwards.

(3) MAINTENANCE OF GAGE

In view of the developments in the design and use of tie plates and other appliances

for the maintenance of gage during the more than 20 years since the statements of

recommended practice appearing on pages 230-31 of the 1929 edition of the Manual were

adopted, the Track Committee will undertake to review the material here outlined and

revise it to accord with best practice today.

(4) SPEEDS OF TRAINS THROUGH CURVES AND TURNOUTS

(a) At the bottom of page 231 there is a table showing the relative speeds through

level turnouts, to give the equivalent riding conditions to track elevated three inches less

than theoretically required. To bring this table in accord with the present standards of

the Association with reference to frog numbers and lengths of switches, the Committee

submits the following table which it recommends be substituted for the table referred

to on page 231. Since it appears that the permissible speed of locomotives through turn-

outs of certain characteristics is fixed by that allowable through the switch, columns S,

6 and 7 have been added to the table, giving permissible speeds through these switches

for locomotives with a wheelbase of 20 ft. Similar speeds may be computed for loco-

motives of other wheel bases. The revision recommended follows:
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TAKEN AS CHORD OF
EQUIVALENT CURVE

RELATIVE SPEEDS THROUGH LEVEL TURNOUTS

The following table shows relative speeds through level turnouts, to give the

equivalent riding conditions to track elevated three inches less than theoretically required.

Comfortable Speeds Through Turnouts

Speeds Shown Below Give Same Riding Conditions Through Level Switch and Lead
Curve as Equivalent Curve Elevated 3" Less Than Theoretical. Curve

Equivalent to Switch is Computed as Shown in Diagram.

Turnout
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(b) To determine the degree of acceptability of the material appearing on pages

232-4, inclusive, a letter was addressed to engineering officers on 41 of the larger roads,

inquiring whether (a) they used the information presented here, and (b) whether they

considered it of sufficient value to retain in the Manual. Replies were received from 31

of these roads, 16 of which advised that they were not using this information and saw

no value in its retention in the Manual, while 17 reported that they had either accepted

the speeds set forth as standard for their lines or used this information as reference in

formulating their own standards. The Committee submits the results of this question-

naire as information and recommends no revision, beheving this material should be re-

tained in its present form.

(5) RESAWING AND RECONDITIONING OF RAILS FOR RELAYING, AND
BUILDING UP OF BATTERED RAIL ENDS IN TRACK

The practice recommended on pages 242-3 is no longer in accord with present prac-

tice and the Committee recommends that it be withdrawn from the Manual and the sub-

ject reassigned for study, preferably as a part of the assignment to the Rail Committee-

cause and prevention of rail battering and methods of reconditioning rail ends, fasten-

ings and frogs in track.

(6) ANTI-CREEPERS

The Committee recommends that the material now in the Manual (page 2S2, 1929

edition) be revised to read as follows:

General requirements to be met in design and manufacture.

(1) Anti-creepers shall be so designed as to fit accurately rail of the weight and sec-

tion on which they will be used, and so that they may readily be removed and reapplied

without damage to anchor or rail.

(2) They must be easy to apply under full-ballasted track.

(3) They must be so designed that it may easily be determined if they are properly

applied.

(4) They must be sufficiently substantial to permit application without breakage.

(5) The least possible number of parts is desirable.

(6) When applied, they must grip the rail sufficiently tight to carry the tie with

them in any kind of ballast without slipping. They must not loosen on the rail suffi-

ciently to render them inoperative when the rail slacks back.

(7) They must have sufficient bearing area to minimize damage to ties.

(8) They must be of sufficient size to minimize their destruction by rust.
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Appendix B

(2) STRING LINING OF CURVES BY CHORD METHOD AND
PREPARATION OF TABLES SUITABLE FOR USE OF TRACK-
MEN

C. M. McVay, Chairman, Sub-Committee; C. W. Breed, F. S. Hales, J. E. Hogan,
Elmer T. Howson, F. J. Jerome, C. J. Rist.

In the following report and the attached exhibits the 31 ft. stationing and 62 ft.

chord basis has been used. This method was selected because it reflects directly the de-

gree of curve by the ordinate in inches, in both preliminary and completed work. The

Committee calls attention to the fact that other methods requiring different length chords

have been published in various books and magazines of engineering and track interest.

There is no essential difference between the methods involved, the one used being chosen

for the reason stated above. Acknowledgment is made to Charles H. Bartlett for assis-

tance received from printed articles on string Iming and especially treatment of spiral

curves.

String lining of curves may be used advantageously to supplement the engineer's

transit. Briefly, the method consists in dividing the curve to be lined into 31 ft. sta-

tions, recording the mid-ordinates of chords spanning each two stations and laying out

a reasonable amount of throw, if necessary, to each station. No rule can be laid down
to insure a satisfactory realinement at the first trial. At best, this is a cut and try

method with sufficient definite rules and instructions to enable the user to lay out throws

at each station throughout the curve that will give an alinement, if the work is care-

fully done, approaching transit survey accuracy.

Any number of combinations of throws with balanced results may be obtained—

-

some bad and others good—so that the work should be placed in the hands of a person

with dependable judgment. Such person should also have at least a working knowledge

of high school algebra and considerable experience in track work.

The purpose is to secure an alinement in which the ordinates at each station of the

circular parts of the curve are as nearly uniform as possible. A considerable difference

in the ordinates of the circular parts of the curve must be carefully avoided in the in-

terest of smooth riding and safe track.

String lining is based on the following principles: The mid-ordinates of a circular

curve are indicative of its degree of curvature. Hence, the ordinates of a circular curve

are equal for a chord of uniform length. The ordinates of a spiral curve will vary in

accordance with a specified progress.

The length of spiral for any given degree will vary, not only with the natural con-

ditions, but also with the maximum allowable speed and superelevation ; the higher the

speed the greater the length of the spiral should be.

The angle between tangents is the sum of the angles subtended by the chords of the

curve. For all practical purposes, on curves of more than 193 ft. radius (less than 30 deg.

curvature) the mid-ordinate of a given length of chord varies directly with the degree

of curvature, or, in other words, varies directly with the subtended angle. Hence, the

sum of the mid-ordinates is a measure of the angle between tangents.

On most curves where it is desired to string line, the angle between the tangents

will not have to be changed and where this is the case the sum of the mid-ordinates

before lining must equal the sum of the mid-ordinates of the realined curve.

The throw at any station on a curve will change the ordinate at that point by an

amonnt equal to the throw and will increase or decrease the ordinates at adjacent sta-
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tions by an amount equal to one-half the throw, always increasmg when the throw de-

creases and decreasing when the throw increases the ordinates.

Tools Required: A strong fish line or cord of 62 ft. length and a SO ft. steel tape;

marking crayon; a suitable rule graduated to inches and tenths thereof with the gradu-

ations beginning at the extreme end of the rule or scale; and a pad of forms (described

later)

.

All work is done on the outside rail of the curve. First stand on tangent several rail

lengths back from the curve and locate the beginning of the curve as closely as pos-

sible by eye. This point is Station Zero and should be so marked.

The station 31 ft. back along the tangent is Station Minus 1.

Beginning at Station —1, lay off with steel tape and mark each 31 ft. point and

number consecutively as Stations —1, 0, 1, 2, 3, etc., and continue the stationing at

least two stations beyond the point of tangent, which is also located by eye. These

station numbers are entered in Column 1 of the sample form.

Beginning at Station Zero, measure mid-ordinates in tenths of inches from the

outside rail to the line joining Stations —1 and 1. This is entered in Column 2 of the

same form. Proceed around the curve to the PT, measuring the mid-ordinate at each

station and entering on the form.

Take track centers at frequent intervals where there is more than one track and

record any obstacle which might affect lining, noting same in Column 10 of the sample

form.
i

Column 1 is for station numbers.

Column 2 is for measured mid-ordinates in inches and tenths thereof.

Column 3 is for revised mid-ordinates.

Column 4 is for the difference between ordinates in Columns 2 and 3, which is

headed "Error".

Columns S and 6 are explained by the headings.

Column 7 is for the full throw which is double the figures shown in Column 6.

Column 8, as is shown by the heading, is distance from gage side of high rail to

the tack in the stake of the realigned curve at each mid-ordinate, and is obtained by

adding or subtracting the full throw from one-half the gage.

Column 9 is for revised superelevation to be used on the curve, and, of course, is

contingent upon the maximum speed of trains running over this curve.

By inspection of measured ordinates in Column 2, the beginning and ending of the

spiral curves can be located as nearly correct as possible.

On Exhibit 1 shown, the end of the east spiral is taken at Station 13 while the end

of the west spiral to this curve is taken at Station 32.

In Column 4 are entered the differences between the measured ordinate, Column 2,

and the revised ordinate. Column 3, in tenths of an inch. If the ordinate in Column 3

at any station is larger than that in Column 2, the sign of the difference in Column 4

is minus. Conversely, if the revised ordinate is less than the measured ordinate the sign

of the difference is plus.

In Column 5 are entered the algebraic sums of the differences (shown in Column 4)

up to and including stations being entered. The operation is performed in sequence as

indicated by arrows.

In Column 6 the half-throw is entered. The result shown here is the algebraic sum

of Column 5 up to and including the preceding station. The operation is also per-

formed in the order shown by the arrows.

In the first trial of computations carried through to Column 6 it is usually found

that the half-throw at Station 12 or 13 is excessive, either plus or minus, and that this
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throw will continue to increase. If the half-throw has a minus sign, it is indicated that

an ordinate slightly smaller should be selected and if this half-throw has a plus sign it

is indicated that an ordinate slightly larger should be selected and therefore the or-

dinate first selected will have to be erased and slightly smaller or slightly larger ordinates

have to be put in and placed in Column 3. After some practice the user can usually

determine whether he is using too small an ordinate or too large an ordinate. There-

fore, after a few trials not much erasure will be necessary.

If it is not desired that the tangents at either end of the curve be changed, then the

sum of the errors must equal zero and also the half-throw at the end of the curve must

equal zero. When it is desired that the tangent at either end of the curve be moved
parallel to itself then the sum of the errors must equal zero, but the final half-throw

must equal one-half the distance that it is desired to move the tangent, so that the full

throw would equal the desired amount. In Exhibit 2 it is desired to throw the tangent

out at the west end of the curve S.4 inches. Then at Station O of the next curve west

shown as Exhibit 3 the half-throw would be shown as minus 2.7, or the full throw would

be shown as minus 5.4 inches. If it is desired to throw the tangent in 5.4 inches at

the east end then the half-throw would be shown as plus 2.7, or full throw would be

shown as plus 5.4, and the sum of the errors in either case would be zero. Of course,

where the tangent is thrown then the same amount of throw must be taken care of in

the next curve, either east or west, as the case may be.

Sometimes in a reverse curve it is desirable to shift the direction of the tangent

between the two curves in order to make a longer spiral between the reverse parts of

the curves. When this is desired, then the stationing along this reverse curve should be

progressive and the sum of the errors at the end of the first curve determines the direc-

tion of the tangent between the curves. After figuring out the mid-ordinates for the

first curve the sign of the sum of the errors and the half-throw should be changed when
figuring out the ordinates for the second curve. Thus, if the sum of the errors at the

end of the first curve should carry a minus sign the start at Station Zero of the second

curve should be a plus sign and also if the half-throw is a minus sign at the end of the

first curve it should be changed to a plus sign at the beginning of the second curve.

In order to bring this out more clearly, Exhibits 4 and 5 are attached to show a

reverse curve which has very little tangent between curves.

In working out string line problems considerable assistance can be gained by plotting

out the measured mid-ordinates against the station numbers. The accompanying Ex-

hibit 6 shows the result for the curve given in Exhibit 1. By plotting out the mid-

ordinates in this manner, the ends of the spiral as well as any points of compounding can

be determined very readily and an estimate of the average ordinate to use on the circular

curve section can be quite closely determined.

As stated above, there is a possibility for any number of solutions and considerable

judgment must be exercised. Recommendation is made that the user be hmited in

amount of permissible throw. Many things govern the final selection of a solution

—

width of ballast, width of roadbed, bridges, interlocking, and other physical conditions.

When tabulations are completed and the curve staked, a copy of form should

be given to the Track Foreman so that superelevation can be properly applied at the

various stations as track is lined.

Conclusions

The Committee recommends that this report with Exhibits 1 to 6, inclusive, be

adopted and published in the Manual.
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Appendix C

(3) PLANS AND SPECIFICATIONS FOR TRACK TOOLS

W. L. Roller, Chairman, Sub-Committee; W. H. B. Bevan, H. R. Clarke, L. W. Des-

lauriers, F. S. Hales, Elmer T. Howson, J. R. Scatterday, G. M. Strachan.

In collaboration with the tool manufacturers and in accordance with the instruc-

tions of the Association in continuing the study of plans and specifications for track

tools, your Committee presents the following plans:

Plan 23 dated March, 1935, AREA Rail Tongs for Use with Cranes.

Plan 12-A dated March, 1935, AREA Carpenter's Adze.

Plan 24 dated March, 1935, AREA Stone Hooks.

Conclusions

The Committee recommends that these plans be received as information.

TOLERANCE

-

2X0N LENGTH
SXON CROSS SECTION

FURNISHED IN OPEN HEARTH OR
ALLOY STEEL AS SPECIFIED

-^ SECTION A-A

A. R. E. A.

CARPENTERS ADZE
MAR. 1935 PLAN NO. 12-A.
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ALL PARTS SOFT STEEL
OR GOOD WROUGHT IRON

DETAIL OF LINK

A. R. E. A.

RAIL TONGS
FOR USE WITH CRANE

MAR. 1935 PLAN NO. 23.
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Appendix D

(4) PLANS FOR SWITCHES, FROGS, CROSSINGS,
SLIP SWITCHES, ETC.

O. F. Harting, Chairman, Sub-Committee; C. A. Alden, O. U. Cook, J. A. Ellis, H. F.

Fifield, N. M. Hench, F. W. Hillman, W. G. Hulbert, T. T. Irvinp, A A. Johnson,

F. M. Masters, W. C. Oberg, G. A. Peabody, O. C. Rehfuss, Wm. Shea, H. C. Stiff,

J. B. Strong, E. D. Swift, H. N. West, J. G. Wishart, M. J. T. Zceman.

The plans presented in this Appendix were prepared in conference with the Stand-

ardization Committee of the Manganese Track Society.

The Committee presents for adoption as recommended practice, Plans 811, 812, 820,

821, 831, 832, 833, 834, and 840, which show the designs, details, and bills of material

of double slip switches and movable point crossings. These plans are substitutes for

those that are now being withdrawn in Appendix A-1 and were made to harmonize with

the revised trackwork plans that were adopted in March, 1034, and also for the sake of

clarity.

The Committee presents for adoption as recommended practice Apnend'x D, consist-

ing of additional alternates applying to various plans, to which additions can be made

from time to time, avoiding the expense of reprinting plans.

The Committee also presents, as information, Plan 325, revised March, 1935, which

shows details of frog fillers, together with Plan 793, revised March, 1935, showing data

for standard wheel flanges, treads, and gages.

The Committee reports progress on a number of other assignments.

Conclusions

The Committee recommends that the following plans be adopted as recommended

practice and printed in the Manual:

Plan 811, dated March, 1935—AREA No. 8 Double Slip Switch with Movable Center

Points.

Plan 812, dated March, 1935—AREA No. 10 Double Slip Switch with Movable Center

Points.

Plan 820, dated March, 1935—AREA Graph showing Limitations for the Use of Cross-

ings with Rigid Center Frogs.

Plan 821, dated March, 1935—AREA No. 7 Movable Point Crossing.

Plan 831, dated March, 1935—AREA Details of Plates for No. 10 Double Slip Switch

with Movable Center Points.

Plan 832, dated March, 1935- AREA Details of Fittings for Double Slip Switches and

Movable Point Crossings.

Plan 833, dated March, 1935—AREA Details of Rolled Rail Knuckle Rails and Movable
Center Points for Nos. 6, 7, 8, and 10 Double Sip

Switches and Movable Point Crossings.

Plan 834, dated March, 1935—AREA Details of Solid Manganese Steel and Manganese
Railbound Knuckle Rails for Nos. 6, 7, 8, and 10

Double Slip Switches and Movable Point Crossings.

Plan 840, dated March, 1935—AREA Bills of Material for Nos. 8 and 10 Double Sip
Switches and No. 7 Movable Point Crossing.

Appendix D, dated March, 1935--AREA Additional Alternates.

The Committee also recommends that the following plans be accepted as informa-

tion.

Plan 325, revised March, 1935—AREA Frog Fillers for Rails 80 !b. per Yard and

Heavier
Plan 793, revised March, 193,5—ARE.\ Data Sheet for Standard Wheel Flanges, Treads

and Gages.

Note.—For plans enumerated above, sec Bulletin 374, February, 1935.
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Appendix E

(5) TRACK CONSTRUCTION IN PAVED STREETS

E. W. Caruthers, Chairman, Sub-Committee; C. A. Alden. F. W. Gardiner, C. R. Harding,
W. G. Hulbert. G. A. Peabody, O. C. Rehfuss, E. M. T. Ryder, H. C. Stiff.

The Committee is not prepared at this time to offer any new data on this subject,

but recommends the subject be continued.

Appendix F

(6) CORROSION OF RAIL AND FASTENINGS IN TUNNELS

W. A. Murray, Chairman, Sub-Committee; W. H. Bettis, O. U. Cook, L. W. Deslauriers,

T. T. Irving, S. H. Poore, G. L. G. Smith, H. N. West.

The Committee reports progress, but is not sufficiently prepared to present a report

this year. It is recommended that the subject be continued.

Appendix G

(7) DESIGN OF TIE PLATES FOR RE RAIL SECTIONS
AS DEVELOPED

J. de N. Macomb, Chairman, Sub-Committee; Lem Adams, C. A. Alden, W. H. Bettis,

W. H. B. Bevan, L. H. Bond, M. D. Bowen, C. W. Breed, E. W. Caruthers, H. R.
Clarke, L. W. Deslauriers, J. A. Ellis, H. F. Fifield, F. W. Gardiner, C. R. Harding,

N. M. Hench, F. W. Hillman, A. A. Johnson, H. D. Knecht, W. A. Murray, J. B.

Myers, W. C. Oberg, S. H. Poore, E. M. T. Ryder, J. R. Scatterday, Wm. Shea,

G. L. G. Smith, G. M. Strachan, C. R. Strattman, Dr. Hermann von Schrenk,

J. R. Watt, J. G. Wishart, J. C. Wrenshall.

This subject was assigned in September, 1933, and at the March, 1934, convention,

the Committee offered seven plans of tie plates, for use with rails of from 90 lb. to 131 lb.

weight; varying in length from 10 in. to 14 in.; of two types, with inclined ends (for

use with cut "hold-down" spikes or not independently attached to the tie), and flat ends

(for use with screw "hold-down" spikes) ; all but the 10 in. tie plate (for use with 90 lb.

ARA-A rail) designed both with single and double shoulder; the several plans desgned

in various combinations of no camber, pressed camber and rolled crown; and in various

combinations of flat bottom, two tranverse ribs and "anchor" bottom; and with the

following features uniform throughout the set—width, 7^ in.; cant, approximately 1 in

40; eccentricity, Y^ inch. Thicknesses were in proportion to distance from face of outside

shoulder to outside end of tie plate. In the punching, four square holes were used at a

uniform spacing along base of rail—in the tie plates with inclined ends (other than the

10 in.), three or four square "hold-down" holes, and in the tie plates with flat ends,

four round "hold-down" holes were used.

This set of plans failed of adoption at the March, 1934, convention.

The subject was reassigned for the current year's work, and under date of October IS,

1934, there was put out to letter-ballot a set of four plans of tie plates, as shown here

—

following. For use with 112 lb. RE and 131 lb. RE rails and having the following

characteristics: lengths, 11 to 13 in.; two designs for use with each rail, one with in-

clined ends, the other with flat ends; the tie plates with inclined ends having two trans-
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verse ribs, those with flat ends having flat bottoms; the following features being uniform

throughout the set—width lYz in.; thicknesses in proportion to distance from face of

outside shoulder to outside end of tie plate; eccentricity ^ in.; double shoulders; cant,

1 in 40; rolled crown. In the punching, four square holes were used at a uniform spac-

ing along base of rail—in the tie plates with inclined ends, four square, and in the tie

plates with flat ends, four round "hold-down" holes were used. The "hold-down" holes

in the tie plates with inclined ends were so located that one tie boring could be used, and

similarly, in the flat end tie plates the "hold-down" holes were so located that another

tie boring would serve. Where transverse ribs were used, they were so located that one

tie grooving would accommodate them.

This set of tie plans failed of adoption.

The Committee is continuing the study.
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Appendix H

(8) PRACTICABILITY OF USING REFLEX UNITS FOR SWITCH
LAMPS AND TARGETS

H. D. Knecht, Chairman, Sub-Committee; F. J. Bishop, J. J. Desmond, F. J. Jerome,

J. B. Myers, J. B. Strong.

The Committee finds that three additional railroads have started test of use of re-

flex units for switch lamps. Several other railroads are continuing the test by further

installations, and the two railroads which have standardized on the Reflex unit are

rapidly extending their use.

It is recommended that the subject be continued.

Appendix I

(9) DESIGN AND SPECIFICATIONS FOR ANTI-CREEPERS FOR
RE RAIL SECTIONS AS DEVELOPED

R. W. E. Bowler, Chairman, Sub-Committee; H. F. Fifield, W. J. Harris, J. E. Hogan,
I. H. Schram, Wm. Shea.

Your Committee has made a careful study of the above subject separately and with

representatives of the anti-creeper manufacturers. This study covered the advantages of

the various types of anti-creepers with respect to design, strength, application, re-appl-ca-

tion, and costs. Opinions covering these characteristics were obtained from railroad rep-

resentatives throughout the United States and Canada covering the widest range of

climatic conditions. The data was also considered from the standpoint of heavy and

light service to which the devices would be subjected.

(1) The design of anti-creepers is subject to narrow limits, and we were not able

to design such a device that would not conflict with existing patents.

(2) A composite type would be most difficult to design and likewise would involve

complex patent aspects.

(3) Four types of anti-creepers comprise about 90 per cent of all such devices pro-

duced in the United States and Canada, and six types include approximately 98 per cent

of the production for the same area. These are generally different in design, and it may

be said that certain of these types best meet requirements in certain grades of service

and under certain climatic conditions throughout the country.

(4) Each of the types of anti-creepers is patented and its manufacture and distribu-

tion carefully regulated by the owners.

(5) In the manufacture of anti-creeper?, there is little or no duplication of machin-

ery or rolls because of the various designs in use. The reverse is true of tie plates and

other similar track devices.

(6) None of the types of anti-creepers now in use result in extra parts being car-

ried by the railroad company.

(7) With a device controlled and produced as are anti-creepers, a standard or

composite type would remove competition, which would be an economic disadvantage to

the railroads.

(8) The reduction in the cost of anti-creepers in the last decade has increased in

proportion to the cost of steel and labor, which indicates that there is a healthy compe-

tition and efficient management in this field.
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Conclusions

In view of the foregoing, it is recommended that this report be received as informa-

tion and the subject be discontinued.

Appendix J

(10) RECLAMATION OF SERVICEABLE MATERIALS FROM
SCRAP AND RETIRED MAINTENANCE OF WAY AND STRUC-
TURES MACHINES, TOOLS, AND APPLIANCES

C. R. Strattman, Chairman, Sub-Committee; E. W. Caruthers, H. R. Clarke, T. T. Irving,

J. B. Myers, J. R. Scatterday, G. M. Strachan, J. R. Watt, J. G. Wishart.

Considerable information has been obtained on the subject, but the Committee feels

that further study should be made, and recommends that the subject be continued.

Appendix K

(11) DETERMINATION OF THE LIMITING RELATIVE POSI-
TIONS OF THE ABUTTING RAILS OF FIXED AND DRAW-
SPANS OF BRIDGES AND PROPER TOLERANCES

L. H. Bond, Chairman, Sub-Committee; F. J. Bishop, W. J. Harris, F. H. Masters,

C. J. Rist, I. H. Schram, E. D. Swift, M. J. T. Zeeman.

The same tolerance of rail expansion should be used on fixed spans as in other por-

tions of the track and where additional expansion is necessary on long bridges, switch

points adjoining stock rails may be used to take up the additional expansion required

over and above the general expansion at the joints. This is now common practice with

most roads and gives the effect of continuous rail and will result in no additional ex-

pansion gap.

Generally there are three types of drawspans—swing, lift, and bascule. On draw-

spans there is a location at each end where the rails abut without having the usual

angle bar fastenings; must be maintained in Une for traffic and additional expansion al-

lowed to facilitate the opening of the bridge. Swing spans ordinarily require more ex-

pansion than the other types as the ends of the rails do not immediately clear each

other.

It is recommended that Yi inch gap be the maximum where the rails abut without

any additional device other than socket plates to hold the rails in line. The wheel

pound in passing over the rail ends batters the rails quickly and is quite hard on the

bridge and the gap should be as short as possible in order to relieve this.

Special devices are recommended for the ends of drawbridges and as most of these

devices are patented they are not herein named. General methods include heavy casting

with an outside riser rail to carry the wheel over the gap. When properly maintained

the abutting ends of rails may be as much as 2 inches apart without material damage to

the ends. We, therefore, recommend 2 inches as maximum gap. In connection with

wheel riser devices, it will be good practice to install a switch point and abutting ?tock

rail about 15 ft. from the gap so that the abutting rail can be anchored independent of

other rail on the bridge. This will allow expansion to be kept at uniform gap. On
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heavy traffic lines these devices are recommended and expansion can be maintained at

about J4 inch; expansion being taken care of other than at the expansion gap.

The maintenance of any track device depends a great deal on the maintenance of

the other portion of the track and in maintaining proper expansion the track must be

anchored so that there is practically no running movement—merely the expansion factor

itself.

This Committee only recommends tolerances for expansion gap at the ends of draw-

spans and in conclusion recommends tolerance of J^ inch as maximum where rails abut

without additional wheel riser device and 2 inch maximum where wheel riser or other

effective wheel carrying device is used. On lines having heavy traffic the rails should

be maintained as close as possible and expansion adjusting devices, either automatic or

hand, should be used to maintain uniform minimum expansion.

Conclusions

The Committee recommends that this be received as information.



REPORT OF COMMITTEE VI—BUILDINGS

G. A. Rodman, Chairman; E. A. Harrison, O. G. Wilbur, Vice-

G. A. Bexden, a. T. Hawk, Chairman;
G. H. BURNETTE, C. D. HORTON, A. H. MORRD^L,
Eli Christiansen, A. C. Irwin, A. L. Sparks,

A. C. Copland, F. R. Judd, A. B. Stone,

W. T. Dorrance, L. p. Kimball, E. R. Tattershall,

E. A. Dougherty, L. H. LAiroLEY, A. T. Upson,
Hugo Filippi, E. K. Mentzer, C. L. Wenkenbach,

J. N. Grim, R. E. Mohr, Committee.

To the American Railway Engineering Association:

Your Committee respectfully presents herewith report covering the following sub-

jects:

(1) Revision of Manual. The Committee recommends that the changes shown in

Appendix A be approved and the revised text be substituted in the Manual.

(2) Preparation of Specifications for Railway Buildings. The Committee presents

five sections of specifications for publication in the Manual and three sections as infor-

mation and for criticism, as contained in Appendix B.

(3) Influence of the Design of Buildings on Fire Insurance Rates. Progress—no

report.

(4) Determination of the Destructible Value of Structures which can be collected

in case of Fire. The Building Committee made a report on a similar subject "What con-

stitutes appraisal of Fire Losses" in 1930. This report will be incorporated with such

additional information as is available, and a complete report submitted next year.

(5) Bus Terminal Buildings, isolated and in conjunction with railway stations,

collaborating with Committee XIV—Yards and Terminals. Before proper consideration

can be given to the design of a Bus Terminal Building, whether isolated or in conjunc-

tion with a railway station now in existence or to be built, certain basic factors, such as

location, finance and operation, must be studied. These matters have been given at-

tention as introductory to the report shown in Appendix C, which is submitted as a final

report, with the recommendation that it be printed in the Proceedings as information.

(6) Application of stainless and rust-resisting metals to building construction. The

Committee has collected considerable data, but not sufficient to submit as a report to

the Association.

(7) Vermin and rat-proofing in buildings. The report shown in Appendix D is

submitted as information and as a final report.

(8) Mill type and other heavy wood construction for railway buildings. The Com-
mittee submits the data shown in Appendix E as information and to invite constructive

criticism, with the request that comments be submitted to the Committee in writing as

far as possible, and that the subject be continued.

(9) Study the economic value of various basic and composite materials used in

building construction and maintenance. The report, Appendix F, is submitted as infor-

mation and as a final report.

The Committee on Buildings,

G. A. Rodman, Chairman.

Bulletin 373, January, 1935.
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Appendix A

(1) REVISION OF MANUAL

G. A. Belden, Chairman, Sub-Committee; A. C. Copland, F. R. Judd, A. L. Sparks,

O. G. Wilbur.

Definitions

1929 Manual—pages 263-264

It is recommended that the 19 definitions shown on these two pages be omitted.

Twelve of these definitions cover subjects reported on by other Committees and the

other seven are adequately defined in the text.

Passenger Stations

1929 Manual—page 265

Present Form
Heating
Method of, for Medium-Sized

Stations :

Stations with one or two waiting rooms,
and an office, can be heated satisfactorily

and economically by the use of stoves,

especially where it is not necessary to

maintain an even temperature throughout
the entire day.

Where two or more waiting rooms, sep-

arated by an office, are to be heated, a

single heating plant, preferably in the base-

ment is recommended as being the most
economical and satisfactory. For such a

heating plant a hot water, steam or hot
air furnace may be used. The hot air

furnace constitutes a greater fire risk than
either the steam or hot water heater. An
even temperature is more easily maintained
by hot water than by steam, but a station

is more quickly heated by a steam system
than with a hot water system. The pipes

and radiators of a hot water system must
be kept above a freezing temperature.

Proposed Form

Heating

In medium sized stations, consisting of

one or two waiting rooms and an office,

where it is not necessary to maintain a
continuous even temperature, stoves or

circulating heaters can be used.

In larger stations, consisting of two or

more waiting rooms, separated by an of-

fice or for stations having more than one
story, central heating plants, using steam,

vapor, hot water or hot air are recom-
mended.

Buildings containing up to 20,000 cubic

feet can be heated by a hot water system
with the boiler located on the station floor

level.

Where gas is available at low rates, gas

heating units, properly vented, may be
used.

Location and Design of Signs for Passenger Stations

1929 Manual—page 267

Present Form

(a) On each end of the building and at

right angles to the track, bearing in mind
visibility from the air.

(b) Signs erected on posts at some dis-

tance from each end of the building and
parallel to the track.

Proposed Form

(a) On each end of the building and at

right angles to the track.

(b) Signs erected on posts at a suit-

able distance from each end of the build-

ing and parallel to the track.
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Freight Houses

1929 Manual—page 270

Present Form
Roofs

(a) Where State laws permit, protec-

tion over cars is often used. This should

be at least 17 feet above the top of rail

and should preferably extend to within 18

inches of the middle of the car. This

will allow walking on top of cars.

(b) The platforms should be protected

by an overhanging roof not greater than
the width of the platform and at least 10

feet above the platform level.

Proposed Form
Roofs

(a) Platforms along the track side of

freight house should be protected by cano-

pies.

(b) Clearances for cover sheds, cano-

pies over platforms, and sheds covering

tracks, where permitted by State laws,

should conform with the clearance dia-

grams prepared by the Committee on
Clearances.

1929 Manual—page 272

Present Form
Tracks

Distance to Center Line of Track:
The distance from the center of the

nearest track to the face of the platform

or freight house should be not less than

5 feet 9 inches where the tracks are on
tangent.

Distance Platform to Top of Rail:

The top of rail should be not more than
4 feet below the floor or platform level at

the track edge, where refrigerator cars

are not to be handled in any quantity.

With occasional refrigerator cars, the doors
can be opened before the cars are set.

Where refrigerator cars are to be han-
dled regularly, the height should not be
more than 3 feet 8 inches, this conform-
ing to the recommendations of the M.C.B.
Association. Many roads are building car?

that are lower than the maximum figures

given above, and each road, in deciding the
height of platform above top of rail,

should take into consideration the sizes of

cars that predominate on its line.

Proposed Form
Track clearances for platforms and

buildings, as well as heights of platforms

and freight house floors above top of

rail, should conform with the clearance

diagrams prepared by the Committee on
Clearances.

Ice Houses and Icing Stations

1929 Manual—page 274

Present Form
A suitable distance from center line of

icing track is 6 feet. Provision should be
made on platforms for a supply of salt.

Ample arrangements should be made for

lighting so that night operations can be
carried on.

Proposed Form
For single deck platforms a suitable dis-

tance from center line of icing track to

the platform is 7 feet, and for double deck
platforms the distances from center line of

icing track to the lower or cake ice plat-

form should be 7 feet and to,the upper or

crushed ice platform 6 feet. Approval of

these clearances should be obtained from
the proper governing body having juris-

diction over clearances.

Provision should be made on platforms
for a supply of salt.
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Ice Houses and Icing Stations—Continued

Proposed Form
Spouts, mounted en rollers and pivoted

for ease in spotting, should be used on the

upper platform for delivering crushed ice

from carts to car bunkers.

Suitable hand railings should be installed

along all platforms and a metal bar should

be installed along the edge and slightly be-

low the level of all cake ice platforms for

attaching ice skids, to prevent their being

pushed off the platform when handling

cake ice into car bunkers.

Ample provision should be made for ar-

tificial lighting so that night operations

can be carried on.

Oil Houses

1029 Manual—pages 274-275

This section is being completely re-written and your Sub-Committee expects to sub-

mit its recommendations next year

Rest Houses

1929 Manual— pages 275-277

No changes recommended at this time.

Section Tool Houses

1929 Manual—pages 277-278

No changes recommended at this time.

Roofings

1929 Manual—pages 278-282

No changes recommended at this time.

Floors for Railway Builoings

1929 Manual—pages 282-284

No changes recommended at this time.

Paints for Railway Buildings

1929 Manual—pages 284-287

No changes recommended at this time.

SPECIFICATIONS FOR RAILWAY BUILDINGS

Section 10-D

BUILT-UP ROOFING

Specification Type B-1
Bulletin 367-368, page 43

Present Form Proposed Form
3. If on wood, lay one thickness of 3. If on wood, lay one thickness of

rosin-sized building paper or impregnated rosin-sized building paper or unsaturated
felt weighing not less than S lb. per 108 felt weighing not less than 5 lb. per 108
sq. ft., lapping the sheets at least one inch; sq. ft., lapping the sheets at least one inch;
if on precast units, this shall be omitted. if on precast units this shall be omitted.
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Section 30-A

Steel Chimneys

Bulletin 356, page 26

Present Form
18. Painting

All steel shall receive a shop coat of red

lead and linseed oil. After erection it

shall be cleaned of dirt, rust and scale, and
given two (2) coats of an improved paint.

19. Guarantee

For a period of one (1) year after the

completed chimney shall have been ac-

cepted by the Railroad Company the Con-
tractor shall repair free of charge any de-

fect which may develop from a wind
pressure due to velocity of wind not ex-

ceeding one hundred (100) miles per hour,

the influence of the atmosphere, the chim-
ney gases and temperature not exceeding

1500 degrees Fahrenheit and faulty ma-
terials and workmanship.

Proposed Form
18. Painting

All steel shall receive a shop coat of red

lead and linseed oil. After erection it shall

be cleaned of dirt, rust and scale, and
given two (2) coats of an approved paint.

19. Guarantee
For a period of one year after the com-

pleted chimney shall have been accepted

by the Railroad Company, the Contractor
shall repair free of charge any defect which
may develop from a wind pressure due to

a velocity of wind not exceeding 100 miles

per hour, the influence of the atmosphere,

the chimney gases and temperature not
exceeding designed temperatures, and faulty

materials or workmanship.

Section 30-B

Brick Chimneys

Bulletin 356, page 30

Present Form
19. Guarantee

For a period of one (1) year after the

completed chimney shall have been ac-

cepted by the Railroad Company, the Con-
tractor shall repair free of charge any de-

fect which may develop from a wind pres-

sure due to a velocity of wind not exceed-

ing one hundred (100) miles per hour, the

influence of the atmosphere, the chimney
gases and temperature not exceeding 1500

degrees Fahrenheit and faulty materials or

workmanship.

19.

Proposed Form
Guarantee

For a period of one year after the com-
pleted chimney shall have been accepted

by the Railroad Company, the Contractor
shall repair free of charge any defect which
may develop from a wind pressure due to

a velocity of wind not exceeding 100 miles

per hour, the influence of the atmosphere,
the chimney gases and temperature not ex-

ceeding designed temperatures and faulty

materials or workmanship.

Section 30-C

Reinforced Concrete Chimneys

Bulletin 356, page 33

Present Form
19. Guarantee

For a period of one (1) year after the

completed chimney shall have been ac-

cepted by the Railroad Company, the

Contractor shall repair free of charge any
defect which may develop from a wind
pressure due to a velocity of wind not ex-

ceeding one hundred (100) miles per hour,

the influence of the atmosphere, the chim-
ney gases and temperature not exceeding

1500 degrees Fahrenheit and faulty ma-
terials and workmanship.

19.

Proposed Form
Guarantee

For a period of one year after the com-
pleted chimney shall have been accepted
by the Railroad Company, the Contractor
shall repair free of charge any defect

which may develop from a wind pressure

due to a velocity of wind not exceeding
100 miles per hour, the influence of the

atmosphere, the chimney gases and tem-
perature not exceeding designed tempera-
tures and faulty materials or workmanship.
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Your Sub-Committee is making a study of the various specifications for "Mortar"

and "Sand" now appearing in the Building Section of the Manual and expects to submit

its recommendations for revision of these specifications next year.

Appendix B

(2) PREPARATION OF SPECIFICATIONS FOR
RAILWAY BUILDINGS

F. R. Judd, Chairman, Sub-Committee; J. N. Grim, A. C. Irwin, A. B. Stone, E. R.

Tattershall.

The Committee submits for publication in the Manual the following specifications,

previously published as part of Appendix B, pages 540 to 551, both inclusive, of Bulletin

361, Volume 35, Proceedings 1934:

Section 30-D, Steel Chimneys—Welded.
Section 30-E, Genuine Wrought Iron Chimneys.
Section 10-D, Built-up Roofing, Type C-1 (Class 1).

Asphalt Impregnated Asbestos Felt and Asphalt (Smooth Sur-

face) over Wood or Pre-cast units.

Built-up Roofing, Type C-2 (Class 1).

Asphalt impregnated Asbestos Felt and Asphalt (Smooth Sur-
face) over Homogeneous Roofs Cast-in-place.

Section 31-A, Wood Screens.

Section 31-B, Metal Screens.

The following specifications are submitted at this time for publication in the Pro-

ceedings as information for criticism:

Section 30-F, Genuine Wrought Iron Chimneys-Welded.
Section 30-G, Reinforced Brick Masonry Chimneys.
Section 10-D, Built-up Roofing, Type D-1.

Asphalt Rag Felt and Asphalt (Smooth Surface) over Wood or

Pre-cast units.

Built-up Roofing, Type D-2.
Asphalt Rag Felt and Asphalt (Smooth Surface) over Homo-

geneous Roofs Cast-in-place.

SPECIFICATIONS FOR BUILDINGS FOR RAILWAY PURPOSES

Section 30-F

GENUINE WROUGHT IRON CHIMNEYS—WELDED

1. General

The Contractor shall completely design and shall furnish all labor, material, tools

and equipment, and construct a genuine wrought iron chimney of the height and diameter

shown on drawings and as specified. The chimney shall be either self-supporting, or

guyed, or stayed, as shown on drawings and as specified.

2. Design

See Section 30-A, Steel Chimneys. Article 2.

3. Unit Stresses

The chimney and its foundations shall be so designed that the following unit stresses

shall not be exceeded:

The stresses in welds shall be considered on net sections through the throat of the

weld, excluding any reinforcement.
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Fillet welds placed transverse to the direction of stress shall be considered as under

shear.

Shear on net section through throat of weld 11,300 lb. per sq. in.

Tension on net section through throat of weld 13,000 "

Compression on net section through throat of weld 15,000

Tension in genuine wrought iron plates (net section) 12,000 "

Compression in genuine wrought iron plates (gross section) 10,000 "

Extreme fiber in bending 12,000

Tension in genuine wrought iron anchor bolts (net section) 14,000 "

Tension in genuine wrought iron stays (net section) 14,000 "

Shear in genuine wrought iron plates 9,000 "

Compression in genuine wrought iron stays (not to exceed 14,000

lb. per sq. in.) 18,000-60 lit lb. per sq. in.

Tension in steel guys 1/5 ultimate strength

Tension in reinforcing steel (intermediate grade) 18,000 lb. per sq. in.

Bond in reinforcing steel (deformed bars) 100 " " " "

Bond in reinforcing steel (plain bars) 80 " " " "

2000 pound concrete, compression 400 " " "

2000 pound concrete, shear 60 " " " "

Ratio moduli elasticity, steel and concrete =: 15

/= length of member, in inches.

r =: least radius of gyration of member, in inches.

Bearing on soil, determined by local conditions.

Pile loading, determined by local conditions.

Working Stresses of Standard Fillet Welds, in Shear

^" fillet—2,000 lb. per linear inch

5/16"
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Workmanship, except as noted, for the genuine wrought iron shall comply with the

following specifications, unless otherwise specified:

The workmanship and finish shall be equal to the best general practice in modern
structural shops. Material at the shops shall be kept clean and protected from the

weather as far as practicable.

Rolled material, before being laid off or worked, must be straight. If straightening

or flattening is necessary, it shall be done by methods that will not injure the material.

Sharp kinks and bends may be cause for rejection.

Shearing and chipping shall be neatly and accurately done and all portions of the

work exposed to view shall be neatly finished. Outside burrs shall be removed with a

tool making a ^-inch fillet.

Finished chimneys shall be true to line, free from twists, bends and open joints, and

shall be gas tight.

The contractor designing or supervising the chimney shall be experienced and sk.lled

in such work.

Contractors shall satisfy the Engineer that they can meet the qualification tests and
furnish satisfactory materials and equipment to be used on the proposed work.

The weld metal shall be sound throughout and be free from excessive oxides, slag

inclusion and gas pockets.

The weld metal shall penetrate into the root of the joint.

The weld metal shall be thoroughly fused with the base metal along all surfaces and
edges of union. Uniform fusion with base metals of unequal thickness shall be obtained

by playing the arc or flame a proportionately longer time upon the thicker material.

The surface of welds shall be reasonably' smooth and uniform in contour. The
depth of the crater at the terminus of weld shall not be less than 1/16-inch.

The weld metal along the toe of the weld shall not overlap the base metal surface,

but shall form an intimate contact therewith.

The base metal along the toe of the weld shall not be reduced in thickness by the

welding operation.

Adequate platforms or scaffolding shall be provided to permit favorable welding
conditions and to insure the safety of the welders.

The operator, while welding, shall be protected from the rays by suitable equip-

ment provided for the purpose.

The arrangement of the joints to be welded shall be such as to enable the welder to

have an unobstructed view of the surfaces to be welded during the welding operation.

When tack welds are located in the path of designed welds, they shall, during the

welding operation, be either melted out or fused in with the final weld.

Proper fusion, penetration and soundness of weld shall be secured by using as short

an arc as can be maintained for each form of weld.

In gas welding, unless otherwise specified, always use a neutral flame.

Surfaces to be welded shall be free from loose mill scale, rust, paint or other foreign

matter. A thin coat of linseed oil or equivalent, over the surfaces to be welded, need not
be removed. This provision applies both in the case of new structures and where new
material is to be welded to material in an existing structure.

In assembling and during welding, the component parts of a built up member shall

be held by sufficient clamps or other adequate means to hold the parts in proper relation

for welding.

For structures over 30 (thirty) feet in height, erection bolts or equivalent means shall

be employed for temporarily supporting the members.

Proper alinement of the various members shall be made before connections are
welded.

Plates forming the shell of the chimney shall be slightly conical so that the upper
ring will always fit inside of the section below. Vertical seams shall be so located as to
break joints. Lap joints shall be used for circumferential seams and butt joints shall be
used for vertical seams.

The circumferential laps shall have a full strength fillet weld on the outside. A
caulk weld bead shall be placed on the inside lap to insure gas-tightness.

One or both edges of base metal parts, J4-inch or more in thickness, transmitting
stress by means of butt welds shall be bevelled. For single and double vee joints, the
bevel of each part shall be not less than thirty degrees (.*0°), thus forming an open space
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with an angle of not less than sixty degrees (60°). For single and double bevel joints,

the bevel shall be not less than forty-five degrees (45°). Before welding, the root edge

or face of one part shall be separated from the root edge or face of the other part.

All butt welds shall be reinforced by depositing additional metal on the weld to a

height extending beyond the surface of the thinnest part joined. The height of said

reinforcement shall be not less than the following percentages of the thickness of the

thinnest part joined: twenty per cent (20%) for single vee and single bevel butt welds,

and twelve and one-half per cent (12i^%) on each side, for double vee and double bevel

butt welds.

9. Details of Iron Work
See Section 30-A, Steel Chimneys (Paragraphs 1, 5, 6 and 7 only of Article 8).

Substitute the phrase "genuine wrought iron" for the word "steal", except where it ap-

plies to guy wires.

10. Accessories

See Section 30-A, Steel Chimneys. Article 9.

11. Breaching Opening

See Section 30-A, Steel Chimneys. Article 10.

12. Cleanout Door

See Section 30-A, Steel Chimneys. Article 11 Substitute the phrase "genuine

wrought iron" for the word "steel".

13. Painter's Collar

See Section 30-A, Steel Chimneys. Article 12. Substitute the phrase "genuine

wrought iron" for the words "structural steel" and "fastened" for the word "riveted".

14. Grounding for Lightning Protection

See Section 30-A, Steel Chimneys. Article 13. .

15. Chimney Lining

See Section 30-A, Steel Chimneys. Article 14.

16. Ladder

See Section 30-A, Steel Chimneys. Article 15. Substitute the phrase "genuine

wrought iron" for the word "steel".

17. Draft Gage

See Section 30-A, Steel Chimneys. Article 16.

18. Pyrometer

Sec Section 30-A, Steel Chimneys. Article 17.

19. Painting

All genuine wrought iron shall be cleaned of dirt, rust and scale and all surfaces,

except those which would affect the successful welding of the members, shall be given

a shop coat of red lead and linseed oil. After erection, the chimney shall receive two
coats (2) of an approved paint.

20. Guarantee

Sec Section 30A, Steel Chimneys. Article 10.
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21. General Conditions

All materials entering into the work and aU methods used by the Contractor shall

be subject to the approval of the Engineer, and no part of the work will be considered as

finally accepted until all of the work is completed and accepted.

The General Conditions in Section 1 of this specification shall apply with equal force

in this section of the specification.

SPECIFICATIONS FOR RAILWAY BUILDINGS

Section 30-G

REINFORCED BRICK MASONRY CHIMNEY

1. General

The Contractor shall completely design and shall furnish all labor, material, tools

and equipment and construct a self-supporting reinforced brick masonry chimney of the

height and diameter as shown on drawings and as specified.

2. Design

The chimney shall be entirely self-supporting and independent of any building.

The chimney shall be designed and constructed to withstand a horizontal wind pressure

from any direction of twenty-five (25) pounds per square foot uniformly distributed

over the entire vertical projection of the chimney and also to withstand the total weight

of the structure and the stresses caused by temperature changes.

The walls shall be not less than eight (8) inches thick at the top and shall increase,

by offsets, to a thickness at the bottom which will be required to withstand the forces

within the specified stresses.

The successful Contractor shall submit to the Engineer for his approval and before

starting work, a complete set of his detailed calculations of the design of the chimney.

3. Unit Stresses

The chimney and its foundation shall be designed so that the following unit stresses

shall not be exceeded:

Brick masonry, direct tension None
Brick masonry, diagonal tension 25 lb. per sq. inch

3000 lb. brick masonry, compression extreme fibre, bending 500 "

2500 lb. brick masonry, compression extreme fibre, bending 450 "

2000 lb. brick masonry, compression extreme fibre, bendmg 400 "

Brick masonry in shear 40 "

Steel, in tension (intermediate grade) 18000 "

Bond, deformed bars 100 "

Ratio, moduli of elasticity 15

Bearing on soil—Load to be determined by local conditions.

Bearing on piles—Load to be determined by local conditions.

4. Foundation

The foundation shall be designed to carry the chimney and all loads. It shall be so

proportioned that the resultant of all forces will fall within such area that no tension or

uphft will occur at the bottom surface of the foundation. Where piles are used, they

shall conform to the specifications of the American Railway Engineering Association.

5. Excavation

All excavation and backfilling shall comply with Section 2, Standard Specifications

for Excavation, FiUing and Backfilling.
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6. Brick Masonry

All materials used shall comply with the following requirements. Brick masonry for

the walls of the chimney shall have a compressive strength of 3000 lb. per sq. in. and the

brick masonry for the foundation shall have a compressive strength of 2000 lb. per sq. in.

All compressive strength tests shall be made in accordance with paragraph 12.

(a) Brick

All bricks used, if of clay or shale, shall preferably be side-cut. All bricks used

shall at least conform to the requirements shown in the following table:

Required Strength of Brick

Part

of

Structure

Walls

Foundation

Compressive Strength

Lb. per Sq. In.

Brick Tested Flatwise

Individual

Minimum

SOOO Lb.

3500 Lb.

Average
5 Specimens

Not Less Than
6000 Lb.

Not Less Than
4000 Lb.

Modulus
of

Rupture

Individual

Minimum

450 Lb.

400 Lb.

Average
5 Tests

600 Lb.
or Over

500 Lb.
or Over

(b) Cement

Portland Cement shall conform to the Standard Specifications for Portland Cement
of the American Railway Engineering Association. No natural or other so-called masonry
cements shall be used.

(c) Lime

Quick lime, if used, shall conform to the current specification for quick lime for

structural purposes of the American Society for Testing Materials Serial Designation C5.

Hydrated lime, if used, shall conform to the current specification for hydrated lime

for structural purposes of the American Society for Testing Materials Serial Designa-

tion C6.

(d) Sand

All sand used for mortar shall be clean, washed, hard and well graded and shall not

contain over three (3) per cent by weight of such organic impurities as loam, clay, mica,

etc., determined by decantation and shall be tested for such impurities in accordance w th

the current Standard Methods of Tests of the American Society for Testing Materials

Serial Designation C40 and D136. Mortar sand shall be free from salt, alkalies and other

deleterious chemicals.

(e) Water

Water shall be free from acids, alkalies, oil and all other impurities

(f) Reinforcing Steel

Reinforcing steel shall conform to the Standard Specifications for billet steel con-

crete reinforcing bars of the American Railway Engineering Association.

(g) Mortar Color

Where mortar color is specified, only pure mineral color shall be used. No mortar
color shall be used except by permission of the Engineer.

(h) Integral Waterproofing

No waterproofing materials shall be added to the mortar except by permission of

the Engineer.
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(i) Anti-freeze Compounds
No anti-freeze liquid, salt or other substance shall be used in mortar except by per-

mission of the Engineer.

7. Proportioning and Mixing of Mortar

(a) All mortar used shall be mixed by volume in the proportion of one (1) part

of Portland Cement, one-half (5^) part of slaked quick lime putty or of soaked hydrated

lime putty and three (3) parts of sand. All mortar shall be mixed with a minimum
amount of water consistent with maximum density and workable plasticity.

(b) The method of measuring mortar materials shall be such that the specified pro-

portions thereof can be controlled and accurately maintained at all times.

(c) All mixing of mortar shall be done in a mechanically operated batch mixer of

the drum type for a period of at least three (3) minutes after all materials for a batch

are in the drum. The drum must be completely emptied before the succeeding batch of

materials is placed therein. Continuous mortar mixers and hand mixing will not be
allowed.

(d) The use of retempered mortar will not be permitted.

8. Brick Laying

(a) Wetting Bricks

All bricks before being laid, except in freezing weather, shall be sprinkled in the

stock pile, or elsewhere as may be suitable, for not less than five (S) minutes or for such

additional time as the Engineer may decide is necessary to supply the bricks with suf-

ficient moisture to effect a proper bond between the bricks and mortar.

(b) Mortar Beds and Other Joints

All bricks shall be laid on a full, flat bed of mortar with all head and side or collar

joints completely filled by shoving and/or by slushing. Splitting or furrowing of mortar
beds will not be permitted.

(c) Placing Reinforcement

Before mortar is placed under, over or around a bar, such a bar shall be in correct

position and shall be held without movement until the next course of bricks is laid.

The minimum thickness of mortar joints, as related to bar size, shall be as shown in the

following table:

Minimum Mortar
Bar Size Joint Thickness

Yz" or less Yz"

Y2" Y&"

Y&" 13/16"

V4" \
1"

1" IY4"

(d) Condition of Equipment

All equipment used for mixing or transporting mortar and bricks shall be clean and
free from set mortar, dirt or other injurious foreign substances.

(e) Laying Brick Masonry in Foundations

Before laying bricks in a foundation, a layer of not less than one (1) inch of mortar
shall be spread over the surface of the soil. Immediately thereafter the first course of

bricks shall be laid.

(f) Joining Work
When fresh masonry is to join with masonry that is partially or entirely set, the

exposed joining surface of the set masonry shall be cleaned, roughened and wetted so

as to effect the best possible bond with the new work. All loose bricks and mortar
shall be removed.
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(g) Disturbance of Completed Work
When any portion of the chimney has been completed, such work shall remain un-

disturbed until thoroughly set, except in the case where work left off at the end of a

day is re-commenced on the following morning, or as soon thereafter as practicable.

(h) Finishing of Work
All brickwork shall be finished in a workmanlike manner with a thickness of joints

and manner of striking or tooling indicated on the drawings or as described in the specifi-

cations. All work shall be built true to the dimensions and to the grade shown on the

drawings.

(i) Cleaning and Tuck Pointing

All exterior brick masonry shall be thoroughly cleaned and tuck pointed. If so

specified, a five (5) per cent solution of muriatic acid shall be used for cleaning down,
but this must be followed by copious baths of clean water.

9. Laying Bricks in Freezing Weather

(a) Protection of Bricks

All bricks delivered for use in freezing weather shall be fully protected immediately
upon deUvery by a weather-tight covering such as will prevent the accumulation of water,

snow or ice on the bricks. Loose board covering will not be permitted.

(b) Heating of Sand

All sand shall be heated in such a manner as will remove all frost, ice and/or excess

moisture. The methods and equipment used shall be of such character as will prevent

the burning or scorching of the sand.

(c) Heating of Bricks

When necessary to remove frost or excess moisture, all bricks shall be heated to a

temperature of approximately 180 degrees Fahrenheit.

(d) Heating of Water

During freezing weather, or when so directed by the Engineer, all water used shall

be heated to a temperature of approximately 180 degrees Fahrenheit.

(e) Slaking or Soaking of Lime

All slaking of quick lime or soaking of hydrated lime shall be done at a temperature

of at least 60 degrees Fahrenheit and this temperature shall be maintained until the lime

is incorporated into the mortar.

(f) Protection of Mortar against Freezing

After the mortar is mixed, it shall be maintained at such a temperature as will pre-

vent its freezing for a period of at least one (1) hour after it has been placed in the wall.

Mortar on the boards shall be kept from freezing at all times and if necessary the Con-
tractor shall use metal mortar boards equipped with banjo type, oil or gas, torches.

(g) Enclosures and Artificial Heat

All work under construction shall be protected against freezing for a period of forty-

eight (48) hours by means of enclosures, artificial heat, and/or by such other protective

methods as will meet the approval of the Engineer. In general, the methods now com-
monly accepted and used for the protection of reinforced concrete construction in freez-

ing weather shall be used.

10. Bricklaying in Hot Weather

All finished or partly completed work shall be covered and/or wetted in such a man-
ner as will prevent too rapid diving of the masonry.
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11. Centering

All centering required shall be of sufficient strength and rigidity to carry the super-

imposed loads without settlement or movement. All centering shall be removed at the

risk of the contractor.

12. Compression Tests

(a) Brick Masonry

At least three (3) compression test specimens, each nominally 8 inches square and
24 inches high, shall be made and tested before actual construction is commenced. Thesa
test specimens shall be built up of unselected bricks from the stock pile and laid in the

same mortar mixture and in the same manner proposed to be used on the job. The
specimens shall be moist cured for 27 days, exposed to the atmosphere of the laboratory

for one (1) day and then tested in a vertical position. The average compression strength

of such test specimens shall not fall below the requirements of paragraph 6 according to

the allowable unit stress to be used.

In preparing compression test specimen, care shall be taken that the top and bottom
bearing areas are exactly parallel and that the mortar joints do not exceed ^ of an inch.

The method of capping and testing shall be that presented in the current Specifications

for Testing Brick of the American Society for Testing Materials Serial Designation C67.

(b) Mortar Cubes

Mortar test cubes shall be 2" X 2" X 2" and shall be tested in accordance with the

current Specifications and Tests for Compressive Strength of Portland Cement Mortar
of the American Society for Testing Materials Serial Designation C9. Such cubes shall

develop a compressive strength of at least 900 pounds per square inch at seven (7) days
and 2000 pounds per square inch at twenty-eight (28) days. At least three (3) cubes

shall be made and tested for each lot of 50,000 bricks.

13. Accessories

Unless otherwise specified, the Contractor shall furnish and install the following

features and accessories, namely: Breeching opening, lining, clcanout door and lightn"ng

protection.

When specified or ordered by the Engineer, the Contractor shall furnish and install

the following features and accessories, namely: Letters, ladder, draft gage and pyrometer.

14. Breeching Opening

The opening for the breeching connection shall be of such size and location and of

such form and finish as shown on drawings. The opening shall be lined on the reveals

with refractory material.

15. Lining

The lining shall be constructed to the height above the top of boiler room floor shown
on drawings. The lining shall start at least two (2) feet below the bottom of breeching

opening, resting on a corbel in the shaft. Where there is danger of combustion below
the breeching opening, the lining shall start at the foundation, which shall be paved with
lining material of the same thickness as the bottom section of the lining if said foundation

is of concrete.

For power boiler plants, the lining shall be carried up above the top of the breeching

opening at least one-quarter {%) of the height of the chimney above the foundation;

for temperatures ranging from 800 degrees to 1200 degrees Fahrenheit, two-thirds (2/3)
of said height, and for higher temperatures the full height.

The lining shall be constructed of fire brick laid up in refractory mortar. The
brick shall meet the requirements of the current Standard Specifications of the American
Society for Testing Materials for Clay Fire Brick for Stationary Boiler Service, Serial

Designation C64.

The lining shall be not less than four and one-half {4\4) inches thick. It shall be
entirely separated from the outer shell by an air space of not less than two (2) inches.
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The outer shell of the chimney shall be corbelled in over the top of the lining to prevent

soot and other material dropping behind the lining.

The lining shall be built perfectly smooth, with the same batter as the inside of the

chimney, and with bed joints not to exceed one-sixteenth (1/16) inch thick.

16. Cleanout Door

A cast iron cleanout door shall be provided not less than one foot four inches (r4")
by two feet six inches (2'6"), hinged and latched to a cast iron frame placed at the base

of the chimney.

17. Lightning Protection

The Contractor shall furnish and install complete in place a lightning protection sys-

tem, as specified in Addenda C.

18. Lettering

When called for, the Contractor shall build into the chimney shaft letters of perma-
nently colored kiln burnt brick. The letters shall be of such number and dimensions as

shown on drawings. The letters shall be true to size and shape, and in a true vertical

line.

19. Ladder

The ladder shall be buUt preferably on the outside of the chimney and shall consist

of three-quarters (J^) inch square galvanized iron rungs, spaced approximately one foot

three inches (1'3") center to center and securely anchored into the masonry from top to

bottom. The ladder shall comply with local and State safety laws and requirements.

20. Draft Gage

The draft gage shall be of the pointer type as specified in Addenda A. The gage
shall be installed in place complete with all attachments, piping and fittings, and shall be
in perfect working order. The location of the gage shall be indicated on the drawings
and in a place visible to the operator when making adjustments to draft controls or

dampers. Each pointer or reading shall be furnished with stop cock close to the gage.

21. Pyrometer

The pyrometer shall be either a vertical, straight stem, mercury actuated dial

pyrometer, or a thermo-electric pyrometer equipped with dial and recording attachment,
as may be determined by the Engineer. They shall be in accordance with the require-

ments of Addenda B.

22. Guarantee

For a period of one (1) year after the completed chimney shall have been accepted

by the Railway Company, the Contractor shall repair free of charge any defect which
may develop from a wind pressure due to a velocity of wind not exceeding one hundred
(100) miles per hour, the influence of the atmosphere, the chimney gases and tempera-
ture not exceeding designed temperatures, or faulty materials or workmanship.

23. General Conditions

All materials entering into the work and all methods used by the Contractor shall

be subject to the approval of the Engineer, and no part of the work will be considered as

finally accepted until, all of the work is completed and accepted.

The General Conditions in Section 1 of this specification shall apply with equal force

in this section of the specification.
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SPECIFICATIONS FOR RAILWAY BUILDINGS

Section 10-D

Type D-1

Asphalt Rag Felt and Asphalt (Smooth Surface) Over
Wood or Precast Units

1. This type of roofing shall be limited to roof decks having a slope not greater

than six (6) inches per foot for wood and pre-cast gypsum and to a slope not greater

than three (3) inches per foot for pre-cast concrete, unless provision is made in the pre-

cast concrete units for nailing.

2. This type of roofing shall be composed of four (4) layers of not less than 14 lb.

asphalt saturated rag felt and a minimum of 90 lb. of asphalt per 100 sq. ft.

3. If on wood, lay one thickness of rosin-sized building paper or unsaturated felt

weighing not less than S lb. per 108 sq. ft., lapping the sheets at least one (1) inch; if

on pre-cast units, this shall be omitted.

4. Over this and parallel with eaves lay four (4) layers of asphalt saturated rag felt

weighing not less than 14 lb. per 108 sq. ft. per layer in four-ply construction, lapping

each sheet of each layer 24^ inches over the preceding sheet for 32 inch wide felt or

27^ inches for 36 inch wide felt, end laps not less than four (4) inches with joints

broken and securely fastened. Mop the entire surface between plies with asphalt, heated

to flow freely, and roll the felts closely behind the mop so that no missing of asphalt can
possibly take place. Not less than 20 lb. of asphalt shall be used per 100 sq. ft. for each
mopping between successive layers. Sheets shall be nailed as hereinafter specified. These
four layers shall be turned up against vertical surfaces not less than six (6) inches and
securely fastened.

5. Over the four (4) layers of 14 lb. felt, apply metal eave strips at all edges of

the roof as specified in paragraph 6, Section 11, Sheet Metal Work. The eave strips

shall be embedded in hot asphalt, nailed along the horizontal flange, and the nail heads
covered with two strips of 14 lb. felt about 6 inches wide, laid in hot asphalt.

Nail the upper edge of each sheet with galvanized barbed nails driven through tin or

zinc caps spaced about twelve (12) inches apart and one (1) inch from upper edge of

sheet. Nailing shall be done in such manner that all nails will be covered by not less

than two layers of felt.

6. Flashings shall be installed at all intersections of the roof with vertical surfaces

and the plans will show whether sheet metal or felt flashings shall be used.

Where sheet metal flashings are called for, they shall be furnished and installed in

accordance with Paragraph 4, Section 11, Sheet Metal Work, and shall consist of a metal

base and counter flashing installed after the application of the last plies of felt, but before

the final coating of asphalt is applied. The flange of the base flashing on the roof deck
shall be coated with asphalt, into which shall be bedded a four (4) inch strip of 14 lb.

asphalt saturated rag felt centered over the nailing course. This strip shall be coated

with hot asphalt, into which shall be bedded a second strip of felt six (6) inches wide,

completely covering the first.

Where felt flashings are called for, they shall consist of two (2) layers of 14 lb.

asphalt saturated felt and a cap flashing of 65 lb. smooth surfaced roll roofing. The
strips shall be cemented to the roof and vertical surface and to each other with an ap-
proved plastic roofing cement reinforced with mineral fiber.

The first strip of felt shall extend eight (S) inches up the vertical surface and five

(5) inches out on the roof and the second ten (10) inches up the wall and six (6) inches

out on the roof. Felt strips shall not exceed ten (10) feet in length and shall be lapped

at least one (1) inch at all joints and joints broken. The cap flashing of roll roofing

shall extend at least four (4) inches in masonry walls and down to the roof deck and
shall be cemented to the base flashings with plastic roofing cement. Brick or concrete

walls shall be coated with asphalt primer before the flashing is installed.

7. When the roof is otherwise complete, cover the entire surface with a mopping
of hot asphalt, using not less than 30 lbs. per 100 sq. ft. of roof surface.
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SPECIFICATIONS FOR RAILWAY BUILDINGS

Section 10-D

Type D-2

Asphalt Rag Felt and Asphalt (Smooth Surface) Over
Homogeneous Roofs Cast in Place

1. This type of roofing shall be limited to roof decks having a slope not greater
than six (6) inches per foot for gypsum or other surfaces that will permit nailing and
to a slope not greater than three (3) inches per foot for concrete, unless provision is

made in the concrete for nailing. Provision for expansion shall be made in covering over
expansion joints in concrete slabs.

2. This type of roofing shall be composed of one coat of asphalt primer, four (4)
layers of not less than 14 lb. asphalt saturated rag felt and a minimum of 120 lb. of

asphalt per 100 sq. ft., not including primer.

3. Coat the concrete or gypsum with cold asphalt primer, using approximately one
gallon over concrete and one to two gallons over gypsum per 100 sq. ft. of roof surface
to provide a proper bond between roof deck and asphalt. Allow the primer to dry.

4. Mop the entire surface thus primed with asphalt, using approximately 30 lb.

per 100 sq. ft., heated to flow freely and while hot apply parallel with eaves four (4)
layers of asphalt saturated rag felt weighing not less than 14 lb. per 108 sq. ft. per layer,

lapping each sheet of each layer 24^ inches over the preceding sheet for 32 inch wide
felt or 27>4 inches for 36 inch wide felt, end laps not less than four (4) inches with
joints broken and securely fastened. Mop the entire surface between plies with asphalt,

heated to flow freely, and roll the felts closely behind the mop so that no missing of
asphalt can possibly take place. Not less than 20 lb. of asphalt shall be used per 100
sq. ft. for each mopping between successive layers. These four (4) layers shall be
turned up against vertical surfaces not less than six (6) inches and securely fastened.

5. Over the four (4) layers of 14 lb. felt, apply metal eave strips at all edges of
the roof as specified in paragraph 6, Section 11, Sheet Metal Work. The eave strips shall

be embedded in hot asphalt, nailed along the horizontal flange, and the nail heads cov-
ered with two strips of 14 lb. felt about 6 inches wide, laid in hot asphalt.

On gypsum and other types of roof decks that permit of nailing, nail the upper edge
of each sheet with galvanized barbed nails driven through tin or zinc caps spaced about
twelve (12) inches apart and one (1) inch from upper edge of sheet. Nailing shall be
done in such manner that all nails will be covered by not less than two layers of felt.

6. Flashings shall be installed at all intersections of the roof with vertical surfaces

and the plans will show whether sheet metal or felt flashings shall be used.

Where sheet metal flashings are called for, they shall be furnished and installed in

accordance with Paragraph 4, Section 11, Sheet Metal Work, and shall consist of a metal
base and counter flashing installed after the apphcation of the last plies of felt, but before
the final coating of asphalt is applied. The flange of the base flashing on the roof deck
shall be coated with asphalt, into which shall be bedded a four (4) inch strip of 14 lb.

asphalt saturated rag felt centered over the nailing course. This strip shall be coated
with hot asphalt, into which shall be bedded a second strip of felt six (6) inches wide,
completely covering the first.

Where felt flashings are called for, they shall consist of two (2) layers of 14 lb.

asphalt saturated rag felt and a cap flashing of 65 lb. smooth surfaced roll roofing. The
strips shall be cemented to the roof and vertical surface and to each other with an ap-
proved plastic roofing cement reinforced with mineral fiber.

The first strip of felt shall extend eight (S) inches up the vertical surface and five

(5) inches out on the roof and the second ten (10) inches up the wall and six (6) inches

out on the roof. Felt strips shall not exceed ten (10) feet in length and shall be lapped
at least one (1) inch at all joints and joints broken. The cap flashing of roll roofing

shall extend at least four (4) inches in masonry walls and down to the roof deck and
shall be cemented to the base flashings with plastic roofing cement. Brick or concrete
walls shall be coated with asphalt primer before the flashing is installed.

7. When the roof is otherwise complete, cover the entire surface with a mopping
of hot asphalt, using not less than .iO lb. per 100 .sq. ft. of roof .'surface.



596 Buildings

Appendix C

(5) BUS TERMINAL BUILDINGS, ISOLATED AND IN
CONJUNCTION WITH RAILWAY STATIONS

O. G. Wilbur, Chairman, Sub-Committee; C. D. Horton, L. H. Laffoley, E. K. Mentzer,
C. L. Wenkenbach.

Railroad Bus Terminals

The recognition of the motor coach, as a phase of transportation bearing certain

definite relations to railroad transportation, prompts a consideration of terminal facilities

for bus operations. The motor coach is now being utilized in coordination with train

service and each mode of transportation may be used where economically suited. The

problem of terminal provision presents several important considerations, such as location,

design, finance and operation.

Factors Determining Location

The question of location is perhaps the most difficult and the most important. It

is obvious that terminals should be located to afford the greatest practicable harmony

between existing need and feasibility. Terminals should also, however, be located to

afford the greatest harmony between future need and feasibility.

For many well-known reasons, it is impractical to establish all railroad stations in

locations where they will best handle and most conveniently serve the public. Bus

terminal operation, not joined with railroad service, however, is of such a nature that

there is little if any limit as to location possibility.

The bus terminal should be situated where it will serve the maximum need and with

the minimum of interference, for the longest period of time. Its location will depend

upon the factors which have affected or may affect the existence and nourishment and

growth of the civic nucleus. Factors to be studied are those which determine why cen-

ters of population density, of traffic density, of shopping and theater activity are so

located. Such factors will indicate what parts of the community the greatest number

of people will want to reach and what parts will become so congested that bus opera-

tion will be interfered with.

Leasing or Purchase

Flexibility of operation, small uncontrolled competitors operating from corner stores

or hotels, the movement of business centers, the permanency of bus transportation, as

well as other elements, should be given careful consideration in determining the advisa-

bility of either leasing or owning the terminal facility.

Space Conserved

Terminal locations selected to best serve the traveling public will undoubtedly be

selected in sections where realty values are particularly high. For economic reasons,

therefore, the space utilized by the terminal proper should only provide for driveways,

platforms and waiting and dispatch rooms. Garage facilities should be provided else-

where on cheaper land.

It is quite possible and not at all improbable that terminals centrally situated and
consequently in the most expensive location can be made to cost the operating company

the least. This may be accomplished by sub-leasing the space not needed for terminal

purposes. By getting into the high rent district instead of the back street, the proba-

bility is the station, through sub-leases of space for stores, booths, etc., can be made
self-sustaining regardless of the patronage of bus passengers.
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Careful thought should be given to possible future expansion of the terminal and

necessary property required to effect such expansion. The advent of the bus terminal

into a particular locality will probably enhance the value of surrounding properties in

proportion to the passengers it handles.

Types of Service

Generally speaking, the bus terminals throughout the country are of the make-shift

variety. Experience of bus operating companies has varied relative to the introduction

of the modern terminal facility to increase patronage. One of the most important con-

siderations is to obtain shelter for passengers in loading and unloading, preferably with

the bus completely under cover. Other important features of a terminal are the free,

unimpeded movement of both passengers and busses and avoiding the necessity of back-

ing and other maneuvering.

There are three distinct types of bus terminal service now being used by railroads

operating busses:

(a) Direct transfer service—where a platform is situated between a track and a

bus driveway.

(b) Railroad stations—where bus service is used in conjunction with railroad ter-

minal buildings.

(c) City stations—where busses either enter or stop at mid-city buildings.

(a) Direct transfer service has a distinct advantage over any other type, so far as

convenience to passengers is concerned, where passengers leave a train and continue to

their destination, by using bus service. This class of service is not only adaptable to

stations where driveways can be constructed parallel and adjacent to platforms where

through trains load and discharge passengers, but it is also adaptable to introduction in

train sheds or outside canopies where the tracks are dead ended. A typical example of

the installation of this type of service is found in the train shed of the Central Railroad

of New Jersey at Jersey City, where two tracks were removed and replaced with a

driveway to permit bus operation direct to train side.

(b) Railroad station service has been applied to some of the older railway ter-

minals as well as to the more recently constructed terminals. Portions of old terminal

buildings have been remodeled and bus operations successfully carried on in mid-city

station buildings. A typical example of what can be done with such a problem is

found in the Reading Company's terminal in Philadelphia. The bus operation in this

station is entirely independent from the train operation. The bus terminal occupies space

formerly used for baggage and has its own waitmg room, bus ticket office, lunch counter,

news stand, and public toilets. Buses are loaded on an adjacent driveway from four

doors leading from the waiting room to the standing space which accommodates three

standing buses. The Reading Terminal was not adaptable to a single waiting room

serving both train and bus passengers, as the train shed and main waiting room are on

the second floor level.

The Cincinnati Union Station is designed to afford convenient loading and unloading

of busses, although the present operation is confined to a transfer service which provides

bus transportation between station and heart of the city. This feature was necessary

because of the absence of convenient street car lines. The bus and cab driveways are

independent drives.

(c) City stations afford an extremely broad field of study in design and arrange-

ment. Pubhc or private driveway approaches and traffic density on such approaches,

naturally are the strongest controlling factors in designing such stations. Traffic lanes
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straight through the building, lanes entering one end and leaving through side entrances,

lanes entering and leaving the same face of the building with either room to drive the

bus through a circuitous driveway or reverse its direction of travel by use of a turn-

table, all afford their own possibilities of development. Where private driveways can

be built to side or rear of a building, loading and unloading may be simplified.

Designing

In designing, care should be exercised to provide ample seating accommodations in

waiting rooms and convenient wash rooms. Where space will permit, concession areas

should be included, together with lunch and news stands, as well as ticket and baggage

counters. The ticket and baggage counters should be adjoining, so as to enable one man
to handle both classes of business. The method of handling baggage should be given care-

ful consideration so that in designing the layout, arrangement may be made for loading

and unloading of baggage with as little confusion and interference with passengers as

possible.

Consideration must be given to facilities for fuel and oil service. Where property

values will permit, bus storage space, shop facilities and wash and grease racks may be

provided at or near the station. These facilities, however, can probably be operated to

better advantage if they are not a part of the passenger handling unit.

Conclusions

Monumental bus terminals are not demanded by the public, bus terminals including

public conveniences and located near centers of population and traffic density, lend them-

selves more readily to public use.

Under cover loading and freedom from traffic interference are extremely important

factors to be studied in terminal development.

Through lanes of traffic to avoid turning and backing are much to be desired.
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Philadelphia, Pa.

Portion of mid-city railroad station remodeled and used as a Bus

Terminal. It is a complete unit and operated entirely independent of

the railroad facility.
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Ellensburg, Wash.

Off-street, under-cover loading is featured at Ellensburg. Washing,

greasing and storage spaces arc at the rear of the loading zone and

machine shop facilities are behind the waiting room.
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Butte, Mont.

The depressed bus runway at Butte permits the loading and un-
loading of baggage from the street level of the building to top of buses

without interfering with passengers.

L

DRIVEWAY

Washington, D. C.

The station in Washington, D. C, is designed for loading on three

sides of the building. The portion of the building along the street

occupied by concessions is a two story structure. The second floor is

used for office space.
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Huntington, W. Va.

The Huntington station is a compact layout and is in a building formerly occupied

as a movie theater.
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New York City

The bus terminal in the first floor of the Chanin Building on 42d Street,

New York, has two parallel lanes, which lead to a turntable. A bus enters

and deposits its passengers on a platform which leads to the ticket office,

baggage room and street; the bus then advances to the table and is swung
completely around to face the outgoing lane. Passengers are admitted to the

bus from the waiting room on the side.
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Appendix D

(7) VERMIN AND RATPROOFING IN BUILDINGS

A. C. Irwin, Chairman, Sub-Committee; E. Christiansen, W. T. Dorrance, Hugo Filippi,

R. E. Mohr, A. H. Morrill, E. R. Tattershall.

Data on losses sustained by railroads from rodent depradations are difficult to get.

Some railroads have given little attention to such losses. They may be listed under:

(1) Losses due to destruction of facilities

(2) Storehouse and commissary losses from destruction of food products and
material in storage

(3) Losses from damage claims of shippers.

There is no available record of serious weakening of structures by rodents, although

minor renewals of parts of buildings are often occasioned by them.

Losses from destruction and contamination of food products and materials in storage

are doubtless of most importance to the railroads. In certain locations these losses have

reached such proportions as to require both offensive and defensive measures—the former

including the use of poisons and the latter, changes in the structures themselves to block

entrance to the building.

Losses from damage claims of shippers usually originate in smaller freight stations

and occasionally in the larger stations where freight remains in storage or is not picked

up promptly.

Rodents are known to be disease carriers. Spreading of the Bubonic Plague has

been traced to rodents and ordinances of port and other cities providing for anti-rodent

construction and control are health measures. The city of New Orleans has such an

ordinance.

At New Orleans a ratproofing ordinance was passed, calling for ratproofing in

Warehouses, Baggage and Express Buildings. In general, this work consisted of re-

moval of old wooden floors, construction of retaining walls for sand fill to form a base

for new floor and laying of a concrete floor over the entire enclosed and platform areas.

General

The best way to solve the rat problem is to prevent their entrance into the struc-

ture. To this end:

(1) All materials accessible to rodent activity should be ratproof.

(2) Where building material penetrable by rodents is used, it should be made in-

accessible to them.

Masonry of all kinds, when properly constructed, is proof against penetration by

rodents. Treated timbers will discourage formation of holes and may be used where the

occupancy does not make it objectionable.

The principles of ratproof construction apply both to new and old buildings.

Vulnerable Places

(1)
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It is not sufficient to provide ratproof basement and first floors and foundation

walls. Door sills and the lower two feet of door and jambs should be protected with

metal (see Fig. 1).

Window openings, if within jumping distance of some "take-off" should be covered

with non-corrosive 12-gage, J4-i"ch wire screen.

Drains and apertures, including pipe line holes, sewers, flush drains and the like

should be protected with wire screen or made tight with ratproof material.

Fig. 1.—Rat Proofing Door Opening.

Foundation walls and basement and preferably first floor should be of ratproof

material and the foundation walls should extend not less than 24 inches below ground

and to a point 12 inches above ground or first floor level. Junction of first floor and

foundation walls should be protected if of timber construction by wire screen on

sheathing, and for additional assurance of protection, barriers should be constructed

extending up between the studding from sill or foundation wall to a point 2 feet above

first floor level.

Roofs of buildings, if accessible to rodents, should be protected.

Old Buildings

Old buildings of timber construction should be protected in the manner above de-

scribed and in accordance with Fig. 2 and 2 -a. Openings that must be preserved should

be screened and pipe openings made tight with ratproof material.

Where the first floor is on or near the ground, effective ratproofing requires:

(1) Ratproof floor

(2) Protected exterior walls

(3) Protected foundation.

The floor, if of wood, should be replaced with masonry or a wire screen provided

under the finished floor (Fig. 2 and 2-a).

Foundations should be protected by constructing a tight masonry wall extending

24 inches below ground surface and to top of sill of first floor. The space between

studding should then be filled with cinder concrete or other ratproof material to a

height of 12 inches above top of floor. (Fig. 2 and 2-a).
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Ratproofing Upper Stories

In upper stories the flooring around the side walls should be taken up and the space

at the wall between joists should be closed by masonry or metal stops between joists.

(Fig. 3).

New and Old Buildings on Posts or Piers

The climbing ability of rodents complicates construction to prevent their entrance

into buildings. Tops of piers or posts should be protected by overhanging screens or

metal flashings high enough so that rodents cannot reach them by jumping. Where

the appearance of such construction is objectionable, stops should be put in between

studding all around exterior walls. Intermediate piers should be des'gned and con-

structed so as not to provide shelves or projections to accommodate the rodents for

gnawing. It would be well to skirt the building with wire screen to prevent accumula-

tion of rubbish, lumber, etc., that would provide "working platforms."

yf(y(/

Cinc/er concrete
or other approved
stops

/^/hbanc/ ^

Fig. 3.—Rat Proofing Upper Floor.

TERMITES

Of the several hundred varieties of termites, two general classifications are recog-

nized

—

(1) Those living in colonies underground—subterranean ;

(2) Those forming colonies within the structural parts of buildings.

Of these, the most common, and the most destructive are the subterranean classifi-

cation. Protection against them as obtained by construction practice is therefore based

on preventing access to the building from the ground. Therefore, all supports for

wooden posts, columns, sills, etc., should have the supporting surface above ground or

be protected with metal flashing.

Detailed information on termites may be found in Proceedings A.R.E.A., Vol. 31,

pages 726-47. Constructions to prevent attack are shown, and discussion of the effect

of wood preservatives presented. The yearly reports of the Committee on Wood Pres-

ervation contain current information on termites and termite control.
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Appendix E

(8) MILL TYPE AND OTHER HEAVY WOOD CONSTRUCTION
FOR RAILWAY BUILDINGS

A. T. Upson, Chairman, Sub-Committee; E. K. Mentzer, G. A. Belden, G. H. Burnette,

A. B. Stone, C. L. Wenkenbach.

I. INTRODUCTION

The purpose of this report is to collect for ready reference the most recent informa-

tion on the design of timber columns, walls, floors, partitions and roof structures, such

as used in the type of building commonly known as heavy timber mill construction.

Since there are in preparation and will be published shortly two voluminous handbooks'

of design data, such data are not included here. The discussion is for the most part

confined rather to matters of engineering practice in the design and use of structural

timber.

1. Progress in Field

Until quite recently, it was considered impossible to realize with available connection

methods more than SO per cent to 60 per cent of the allowable working loads for mem-

bers in timber framed structures. There was insufficient and conflicting information on

the shear value of bolts and lag screws by which tension joints could be designed. Com-

pression members were often seated on wood and their allowable loads limited by the

capacity of the material in compression perpendicular or at an angle to grain. Very

lately the introduction from abroad of several types of ring and spike dowels^ has made

it possible in practically all cases to realize the full working strength of the members.

The U.S. Forest Products Laboratory also has completed and published the results of an

exhaustive investigation' into the bearing value of bolts in wood.

Until very recently producers of structural timber separated their material into con-

venient grades for purposes of marketing and unit working stresses were assigned each

grade according to the strength of the poorest pieces possible under the grade description.

Grade names varied in different species and at times the same grade name stood for

material of different strength in different species.

A new method is now in process of adoption by specifiers and producers of struc-

tural timber whereby material of the several structural species will be graded to pro-

vide given working stresses in extreme fiber, usually in intervals of 200 pounds between

grades. These new grades are to be designated by the allowable fiber stress or in cases

where a grade name is retained the allowable fiber stress will also be given.

Additional information is rapidly becoming available on service life of timber of the

more durable species and of timber given careful preservative treatment under controlled

conditions. Observations of numerous structures has disclosed a service life for such

timber well in excess of that for a long time considered probable. To the accepted

• In preparation respectively by the U.S. Forest Products Laboratory and tlie .\merican Forest

Products Industries, Inc.

- Full description and working loads given in "Motlern Connectors for Timber Conslruction". Gov-
ernment Printing Office, Washington, D.C., IS cents per copy.

'The Bearing .Strength of Wood Under Bolts, GnviTnment I'rintini< Office. Washington. D.C S cents

per copy.

A
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creosote and zinc chloride treatments there have been added other preservatives suitable

for use under certain conditions and capable of successful painting.

A further development, thoroughly investigated by the U.S. Forest Products Lab-

oratory,* is the impregnation of wood with salts which prevent it from igniting under

exposure to fire temperature and from contributing to the heat of a fire in which it is

involved.

2. Further Developments Desirable

There has been lacking in the field of structural timber a class of structural fab-

ricators between the manufacturers of the raw material and the builder, a group of con-

cerns corresponding to the steel fabricators or to the considerable number of responsible

contractors who specialize in the placement of reinforced concrete. Such firms are rap-

idly entering the fabricating business under the new situation but much can be done by

the railroads as specifying users of structural timber to stimulate this development.

The usually available commercial sizes and lengths of structural timber have not in

the past been sufficiently diversified for economical structural use. Three and five inch

thicknesses are desirable in truss members; five and seven inch widths in laminated floor

construction, and seven and nine inch squares for columns.

Both consumers and manufacturers fail to recognize the advantages of dry lumber,

not merely in boards and two-inch dimension, but also in thicker pieces such as used for

structural framing. The kiln drying of structural timbers up to 6 inches in thickness is

feasible. It avoids seasoning difficulties after erection. It reduces freight charges and

increases allowable working stresses to an extent justifying its additional cost.

Specifying users often fail to capitalize on the structural value of good timber, well

graded. The designer often fails to realize on its advantages over low grade material

and prevailing price differentials for the higher grades offer the manufacturer little in-

ducement for careful selection. Because structural timber is often carelessly designed,

selected and used, current working stresses are in many cases considerably below tho?e

which could safely be employed under sound engineering supervision.

It is to provide a basis, in part, for more informed design and supervision of timber

construction in buildings that this discussion is presented.

II. COMPRESSION MEMBERS

1. Solid Columns and Struts

Timber columns may be solid pieces of rectangular cross section; they may be rec-

tangular cross sections or H, U or T sections built up of planks or squares spiked or

bolted together, or they may be built, as in connector construction, of two or more pieces

spaced somewhat apart, with the necessary shear reinforcement between them to de-

velop common action. It is customary to discuss the last two types in terms of the

strength of a solid section of equal diameter or a corresponding radius of gyration.

Curves of allowable unit stress for timber compression members are based on the

ratio of unsupported height or length to the least diameter instead of the radius of

L
gyration, as with steel. The curve is divided into three parts. For columns with~^

less than 10, a uniform working stress is recommended, based on the ultimate load ca-

L
pacity of the material in short blocks. For columns of the Euler class (""Tin excess of

•Reports by the Forest Products Laboratory before American Wood Preservers Association 1930-31-32

and 33. See proceedings of the Association.



Buildings 609

20 to 25, depending on species) a typical Euler formula is used with a safety factor of

3 and a coefficient of 1, corresponding to pin end reactions. For "intermediate" columns

between these lengths working stresses are arrived at by a fourth power equation tangent

both to the short column and Euler lines. Working stresses thus arrived at, and pre-

dicated on authentic interpretations" of available test data, are widely published," and

tables of working loads for commercial sizes and lengths of solid columns are being pre-

pared for publication in handbook form.

2. Laminated Columns

It often is desirable to build up columns of considerable sizes from plank or smaller

squares spiked together (bolts, lag screws, or other means may be employed but have

not been foimd as effective as spikes) . In such cases certain precautions must be ob-

served to secure greatest strength.

1. The component planks of 75 per cent grade or better should not be wider than

five times their thickness, nor wider than six times their thickness if of less than 75 per

cent grade.

2. Spikes should penetrate two planks and extend well into a third p.ece, and should

not be placed farther apart, longitudinally, than six times the plank thickness.

3. Lumber used for such columns must be thoroughly seasoned.

L
4. Columns less in length than -j- =i 20 should not have butt joints in laminations.

The relative strength of solid, and laminated or built up columns as tested by the

Forest Products Laboratory' is presented in Table 1. Ratios given are between the

working loads of built-up and solid columns of equal size and equivalent grade of ma-

terial. It should be noted that columns consisting merely of several laminations spiked

face to face and without cover plates have a very low strength in proportion to an equal

solid section.

The ratios of Table 1 in general may be appUed to built-up columns of H, U or L
section. Such columns should be thoroughly nailed, especially near the ends. Their

allowable loads are arrived at as follows: The least radius of gyration of the com-

bined cross-section about a gravity axis is found and divided by .289, giving what may

be termed the "least diameter" of an equivalent sohd section. The allowable working

L
stress is found for a solid column of -j- corresponding respectively to the length of the

column under consideration and the "least diameter" of its equivalent solid section.

This working stress, reduced by the percentages shown in Table 1, and multipUed by the

acUial area of the irregular cross section, gives the safe working load of the built-up

column.

A special variation in laminated column design occurs when columns are sheathed

for fire protection with a layer of fire retardant treated wood (see discussion on page 625).

The effect, for example, of a 2-inch nominal sheathing of treated material on an 8 X 8

column, 12 foot high, is to add 106 per cent to its cross-section and 62.5 per cent to its

strength. It is not necessarily required to maintain during a possible period of fire ex-

" Tests of Large Timber Columns and Presentation of the Forest Products Laboratory Column
Formula. U.S. Dept. of Agriculture Technical Bulletin No. 167, Superintendent Documents. IS cents

per copy.

• Working Stresses for Structural Lumber and Timber, National Lumber Manufacturers Association,

Washington, D.C.

'These tests reported by John A. Scholton in Engineering News Record, August 27, 1931.
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III. FLOOR SYSTEMS

Floor systems in heavy timber construction vary widely. The early type consisted

of heavy girder lines running from wall to wall, supported by columns at from 16 to 20

foot intervals, and spaced longitudinally of the building not more than 9 to 10 foot apart.

Heavy planking was laid across the girders, and the equipment to be installed was more

or less adapted to fit the column spacing.

Modern occupancies require wider bays, and the problem is to secure these without

undue deflections and without using girders that seriously decrease headroom.
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The possibilities in heavy timber floor construction and framing are several, as will

be seen from the following list.

1. Plank floor deck with or without wood or other finish floor.

2. Laminated floor deck, with or without finish floor.

3. Combination floor of laminated timber and concrete, with shear developers.

The above types may be used with timber, steel or concrete supporting structures.

4. Concrete slab forming flanges for T-beam timber girders.
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1. Plank Floors

Plank floor decks, tongue and grooved or splined, have been in the past the most

usual type of heavy timber floor deck. Plank for this purpose are obtainable in thick-

nesses up to 5 inches, but floor slabs 4 inches and thicker are usually laminated. Plank

floors generally are supported on floor beams which in turn are carried by girders. Re-

quired thickness of plank and spacing of floor beams are limited by allowable stresses

or deflection and usually are figured on the basis of simple spans. This is not always

correct for plank spanning more than one bay of floor beams, as deflection is reduced to

about 40 per cent of that for a simple span, which is seldom a limiting consideration for

the types of occupancy in which such floors are used.

4®^ 8"x8"

^ of/y?o'/\//cyua/jo/eces « ^^ -64
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Typ£ of Column Us£d in
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The allowable concentrated loads on plank floors depend somewhat on loading, and

somewhat on the type of finish surface. When covered, as they frequently are, with a

thick hardwood strip flooring, distribution of any concentrated load, such as due to

trucking or machine footings may be assumed over a width of one plank each side of

the area directly loaded. With a more flexible finish flooring load distribution should be

assumed only over a width of two planks, or, in case the width of load exceeds two

planks, over a width one plank greater than the width of load. Safe working stresses

for Southern Yellow Pine factory flooring and roofing plank thus used are as follows:
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Grade Fiber Stress

Select Merchantable Longleaf 1600 lb. per sq. in.

Standard Longleaf or Shortleaf Dense Standard 1600 lb. per sq. in.

No. 1 Longleaf, No. 1 Shortleaf 1200 lb. per sq. in.

No grades specifically intended for factory flooring are listed in the Douglas Fir

Rules, but structural grades of joist and plank are limited in knots so that the same

working stresses may be used as when the material is loaded with the wide face vertical.

Safe working stresses are as follows:

Grade Fiber Stress

Dense Structural Joists and Plank 1800 lb. per sq. in.

Select Structural 1600 lb. per sq. in.

No. 1 Dimension 1200 lb. per sq. in.

Structural grades of joist and plank of other species commercially available for floor

construction purposes are as follows:

Fiber Stress

Inland Empire Douglas fir and larch

Select Structural 1800
Structural 1600

Common Structural 1200

Tidewater red cypress

14005/ Structural Joist and Plank 1400

1100«/ Structural Joist and Plank 1100

California redwood
Prime Structural 1707
Select Structural 1280
Heart Structural 1024

The above stresses are for dry conditions of use or for adequately treated material.

Purchase specifications should exclude firm red heart and should require that sum of

knots in any 6 inches of length shall not exceed the maximum knot allowable.

With a 5/4 finish floor and under uniform loading the above working stresses may
be increased 10 per cent for any given grade.

Table 2 shows a few examples of recommended spacing for floor beams under plank

of species, grade and loading taken at random.

2. Laminated Floor Decks

This type consists of 2 X 4s or plank with wide faces vertical and in contact to

form a solid deck, each piece of which is spiked to those previously laid. Most such

floors span from girder to girder, but the type can be laid over floor beams, where the

beam and girder system is made stiff and strong enough to support it. Laminated decks

are adapted to heavy loads and wide spans. Joints usually are broken at inflection

points, the spiking of successive courses being relied upon to develop common action.
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In simple beam action the concrete, which is nominally reinforced, is under com-

pressive stress and the wood is in tension. In continuous beam action the concrete is

reinforced for tensile stresses over the supports, at which points the wood is in com-

pression.

The wood portion of the beam or slab is constructed with laminated pieces spiked

together and running in a direction parallel to the span length. The upper edges of alter-

nate laminations are raised 2 inches, thus forming grooves, into which triangular sheet

steel members are placed at calculated intervals, to develop the horizontal shear between

concrete and wood and prevent sliding. The grooves may be formed either by using

wood strips of different widths, or arranging strips of the same width so that their

edges are staggered the desired amount.

For grooves of 2 inch depth, and wood strips surfaced to 1^-in. thickness, the shear

members, called shear developers, are 3/32-in. thick, in the form of isosceles triangles

with base 3^-in. and altitude 3J^-in. Slots for placing them are cut with a special

chisel blade held in a steel housing. Tests conducted at George Washington Univer-

sity, Washington, D.C. in 1933 both on "push-out" specimens and on full-sized beams

built in this fashion, showed approximately 7000 pounds ultimate capacity for shear

developers of the above size, placed in dense Southern Yellow pine strips—Fig. S, A-A
shows how the shear developers are imbedded in the wood. A working stress in shear

of 1750 pounds each has been adopted and used for these shear developers, and by calcu-

lating the total horizontal shear along the neutral axis of the beam, the required number

of shear developers is found.

In calculating the section required for any given loading, it has been found that suf-

ficiently accurate results may be obtained by treating the beam as homogeneous and

applying the compressive strength of the concrete, as a Umiting fiber stress, to the section

modulus. Distribution of moments is determined as in a partially restrained beam where

continuous construction is involved, and depends on how the strips are spliced.

The average thickness of the concrete top should be not less than 5 in. for heavy

trucking floors, and not less than 4 in. for moderately heavy concentrated and uniform

loadings. The relative thickness of concrete to wood is so determined as to fix the neu-

tral axis reasonably close to the average plane of junction between the two, and also to

limit deflections to a minimum consistent with economy.

Fig. 5 shows a typical design of this type of floor for characteristic loading condi-

tions. This type of floor has so far been used principally for bridges and piers and is

best adapted for heavy duty floors subject to trucking.

Timber to be used in such floors should be of heart Redwood or Tidewater Red

Cypress, or should be given a thorough treatment with one of the standard preserva-

tives.

General Comment

The above types of floor decks for heavy timber construction can be used also over

steel or concrete girders and beams. It is recommended, however, that in such case the

steel framing be given fire protection consistent with the fire resistance of the deck con-

struction.

Type A—Concrete Slab on Timber Floor Beams

This type has been employed in the West as a floor for highway bridges. It also

has application for heavily loaded building and pier floors. The type is illustrated in

Fig. 6 which shows a sample treatment for representative conditions. Design rules arc
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based on loading tests made for the Oregon State Highway Commission by Oregon State

College.' Various types of dowels, daps or keys were employed to develop shear be-

tween a concrete floor slab, acting as the compression flange, and a timber stringer, act-

ing as the tension web of a combination T-beam. Speaking generally, the best results as

regards ultimate load, shear slips at comparable loads, and deflection at working and

ultimate loads were secured with narrow pieces of steel plate, driven in kerfs perpen-

dicular to the longitudinal axis in the upper face of the timber and extending one-half

their width into both wood and concrete. Pipe dowels in pre-bored holes also gave

good results.

IV. BEAM AND GIRDER FRAMING

Customary practice in heavy timber building construction has been to break columns

at each floor level and support girders and/or floor beams on metal caps fitted over the

column head with projecting shelves wide enough to afford sufficient bearing area.

Columns for the next story are supported on the caps, or in the older construct on, on

cast iron pintles about the same depth as the floor girders. In this latter case, the ends

of the girders rested on the tops of the columns and were fitted around the cylindrical

pintles.

For the less exacting requirements of former days, this was sufficient, but methods

are now desirable which will afford more rigid connections and permit of columns at

least two stories in height. Metal caps, which transmitted the heat of a fire to the

column fiber in bearing under the cap, caused failure in bearing at this point long be-

fore the column section was seriously weakened, and while fire tests have shown that

this can be prevented by encasing the metal with protective timber, the resulting details

are bulky and unnecessarily expensive.

The use of timber connectors, elsewhere described, permits of supporting girders on

wood brackets which are bolted to the columns, sufficient shear to support the load

being secured with the connectors. An example, worked out for a column girder con-

nection under representative conditions, is shown in Fig. 7. In this detail the column is

shown continuous for two stories, but it can conveniently be spliced at the center line of

the girder with plates on the column faces parallel to" the girder, or when the girder is in

three parts, as in Fig. 7, the girder connection wfll usually suffice to keep the column

pieces centered. The shelf pieces here used to support the girders will resist fire attack

much longer than metal fittings, and a rigid connection across the column is secured

with the splice plates.

V. MODERN TIMBER CONNECTORS

Several new types of hardware called timber connectors, for making connections in

timber framed structures, have been developed and used extensively in Europe during the

last fifteen years. The more serviceable of these devices have recently become commer-

cially avaCable in the United States" and are finding increasing use in timber structures.

In most instances where roof trusses are required, or where framing involves shear

between adjacent timber surfaces, timber connectors will be of advantage in securing

efficient connections. Timber framing as usually practiced differs from steel in that

loads are transmitted between one member and another of a structure by lapping the

* Loading tests on a New Composite Type Short Span Highway Bridge. Obtainable through

C. B. McCullough, State Bridge Engineer, Salem, Oregon.

" Modern Connectors for Timber Construction. U.S. Dept. of Commerce and Forest Products Lab-

oratory, Department of Agriculture. 147 pages. Superintendent of Documents, Washington, D.C.
IS cents per copy.
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members past each other and developing shear between the surfaces in contact with

bolts or other suitable devices, whereas steel members usually are bolted or riveted to a

gusset plate or connection angle from which in turn the loads are transmitted by bolts or

rivets to the other members.
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Under these conditions, it has not previously been feasible, within their safe loads in

bearing, to develop with bolts in shear more than SO per cent to 75 per cent of the

strength of timber members in a truss or other well designed structure. When the end
grain of compression members is brought directly to bear on the side grain of other

members, the relatively low unit stress which can be developed in this fashion also has

limited the efficiency of the members. Timber connectors develop from 1.5 to 2.0 times
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as much shear per unit area between timber surfaces in contact as can be secured with

bolts, thereby making it possible in most cases to realize the full allowable working

loads of the members and to avoid resting the end grain of one piece directly on the side

grain of another. The structural efficiency of the members is increased in most cases

by at least SO per cent as compared to those with bolted joints.

There are three types of connectors, suitable for different situations:

Type 1 is placed between adjacent wood surfaces and imbedded partly in each,

either with a press or clamp, or by tension of a bolt passing through the assembly.

There are several forms of this type, illustrated in Fig. 8, 9 and 10. The "bulldog" is

suitable for light loads where a close fit of the timbers is not required. The alligator or

toothed ring is suitable for medium loads and applies particularly where trusses of wide

thin members are used, or for girts and sway bracing in trestles, tank towers, bins, and

other situations where it is desirable to increase the shear resistance obtainable wtih plain

bolts. The spike grid is capable of developing very high shear between adjacent sur-

faces but is more difficult than the others to imbed.

Type 2 connectors are exemplified by the spht ring and the Kubler dowel. Ses Fig.

11 and 12. The former is placed concentric to a connecting bolt with one-half its depth

Fig. 8.—Bulldog Timber Connectors.

Fig. 10.—Smitt Grid Timber Connectors.
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in a groove in each of the adjacent wood faces. The latter is of hard, dense wood,

similarly inserted in an enlargement of the bolt hole where faces meet, its purpose being

primarily to supply greater bearing value for the bolt.

Fig. 11.—Split Ring Timber Connectors.

Fig. 12.—Kubler Wood Dowel Timber Connectors.

Fig. 13.—Siemens Bauunion or Shearplate

Timber Connectors.

Type 3 connectors are employed for connections between wood and steel, though

the shear-plate also can be varied to afford connections between wood and wood. See

Fig. 13. These "shear-plates" of malleable cast iron are inserted in pre-cut circular de-

pressions in the timber, the points being imbedded with a sledge and follower, or by

tension in the bolt which passes through the assembly. The projecting stud or boss

fits holes in the steel strap or plate by which connection is to be made to other mem-
bers. The complete S.B.U. system in use abroad employs a "hinge" into which the

straps from the various members may be inserted and a pin connection secured. Th's

variation so far has not been found economic under American conditions.

A fourth type of connector has been employed in Europe which is not embedded in

the wood nor inserted in pre-cut depressions, but is intended merely to increase friction
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between adjacent surfaces. Tests have shown such devices to be uncertain in their

operation.

The Toothed Ring or Alligator, Split Ring and Shear-Plate connectors are available

commercially in the United States. Negotiations for production of spike grids are under

way. Full details of the above and other forms of connectors as used in foreign pract'ce,

together with test data and working stresses recommended by the U.S. Forest Products

Laboratory, are given in tht publication, "Modern Timber Connectors", available from

the Superintendent of Documents, Washington, D.C. at 15 cents per copy. Since the issue

of this publication and the commercial use of connectors in this country experience has

accumulated which may be summarized as follows:

Safe working loads for commercial sizes of toothed rings and split rings adapted to

American Standard sizes of lumber are shown in the charts following. These allowable

loads are for certain species only i.e.

Coast Region Douglas Fir

Western Larch
Longleaf and Shortleaf Southern Yellow Pine
Tidewater Red Cypress
California Redwood
Tamarack

Working loads for other species should be reduced according to ratios given in the

bulletin "Modern Timber Connectors". W^orking loads for shear-plates are given in the

bulletin as 6400 pounds per pair of 3^ in. diameter plates acting parallel to the grain

and 4500 pounds acting perpendicular to grain in the species listed above. Loads at

other angles may be computed by the Hankinson formula for bolt bearing, using the

values for parallel and perpendicular bearing respectively for P and Q.

Defects characteristic of sound grades of timber do not materially affect the working

loads.

Test work has been completed at two university laboratories on the effectiveness of

thick plywood gussett plates used to transfer loads from one timber member to another.

Early results indicate that plywoods or commercial softwood are uncertain in their per-

formance but that plywood specially made for this purpose can be used to excellent ad-

^rantage in certain situations, as for instance the end top chord connections in long span

trusses.

A large volume of test work on the application of connectors in design is now being

carried on at the U.S. Forest Products Laboratory, Madison, Wis., and additional data

will in time be available from that Institution.

VI. BOLT BEARING STRESSES

The bearing strength of bolts in wood has been thoroughly investigated by the U.S.

Forest Products Laboratory. Information not covered in the following digest may be

secured from its report on the subject.'"

Table 5 gives allowable loads for bolts in double shear in the principal structural

species, and used under continuously dry conditions or in adequately treated timber. No
adjustment need be made in these loads for grade of timber.

Loads should be reduced one-third where bolts are installed in green timber and

proportionately where the material is partly dried. The stresses given can be increased

25 per cent for dry timbers used with splice plates or gusset plates of steel. Thickness

of wood splice plates or web members should be at least ^ the thickness of the main

member.

"U.S. Dept. of Agriculture Technical Bulletin No. 332. Bearing Strength of Wood under Bolts.

Superintendent of Documents, Washington, D.C. 5 cents per copy.
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RULES FOR DBS
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1. One »lM only of ehear-pl«te» 1b avall«bl» oo™wrcl«lly. Thl. la approilmatelT
5-1/8 InchBS In overall dlametep, with a boaa S/8" x 7/8" fitting Int. the eteil atrap or
hape to which load la tranamltted. The toothed face la partly aet In a nre-cut groove
In the wood, and partly Imbedded by bolt tenalon. MaienalonB of the pre-cut Kroove or
dap are ahown below*
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2# One-half Inch machine bolta and
2 jc 2 n 3/16" washers are used with shear-plates
after the plates have been Imbedded with high
strength bolts and large waahers.

3. Required margins are as follows:

Center of plate to end of timber 6 Inches

Center of plate to edge of timber, 1-13/16
Inches when load Is parallel to grain or at an
angle of not more than 30 degrees to grain.

Center of plate to edge of timber, 2-3/4
Inches when load Is at more than 30 degrees to
grain.

Spacing center to center of shear-plates
acting In common, parallel to grain, 6 Inches.

4. Working stresses for 3-1/8" TECO shear-
plates Installed In seasoned timber are as
shown In the Chart below.

5. Working loads at an angle of
more than 30 degrees to grain shall be
reduced In straight line ratio fVom
100 per cent at an edge margin of 2-3/4
Inches to 50 per cent at a margin of
1-13/16 Inches.

7. Minimum lumber thickness for
shear-plate In one face only la 1-5/8
Inch and for plates In opposite faces
3-5/6 inches

Note that working loada are
ar-plates. Use one
for a plate In a Ingle
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The bearing value of bolts at any angle to grain of the wood may be computed by

PQ
the Hankinson formula : N = p ^;„2 q _^ q ,^.2 e m which N = the unit beanng stress

in a direction at angle.

6 with the direction of the grain.

P the unit stress in compression parallel to the grain.

Q the unit stress in compression perpendicular to the grain.

IN D0UBL2 3KEj»R
Red cypress, Douglas fir. Western larch. Southern yellow pine. Redwood

and Tamarack. ^*

* Por allowable loads on other species and for other conditions of
use see V, S'. Dept, of Agriculture Technical Bulletin No. 352.

VII. FIRE RESISTANCE ASPECTS

The fire hazard inherent in any type of building construction is influenced by many

factors, of which the materials employed for floors, walls, columns and n)of are often

among the least important. This is particularly true of construction employing timber

in thick floors and heavy framing members. The presence or lack of automatic sprink-

lers, the character of occupancy, provisions of fire walls and partitions, enclosure of ver-

tical openings and the presence or absence of large glass areas in exposed elevations have
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more influence on the incidence and spread of fire than the structural materials used.

These considerations are reflected in prevailing insurance rates, which are more influenced

by them than by character of building construction.

Fire Resistance Requirements

Long experience with heavy timber construction in textile mills and other occu-

pancies with a high fire hazard has led in the past to certain general requirements for

such buildings which may be summarized as follows:"

Buildings of this type should be equipped with sprinklers and should not exceed 6

stories or 75 feet in height. Floor areas undivided by fire walls or fire partitions should

not exceed 12,000 sq. ft. All vertical openings between floors must be inclosed with fire

resistive walls or partitions to prevent spread of fire from story to story. Steel fram-

ing in such buildings must be protected with fire proofing to insure resistance under fire

attack consistent with that of the associated timber floors and framing.

Good practice as to thickness of timber requires that all columns be at least 8 inches

in nominal diameter, all beams at least six inches, and floor slab units not less than

3 inches in thickness.

Building Design for Fire Loads

Assuming that automatic sprinkler protection is for one reason or another not

feasible the builder has an option between a structure, the whole or any part of which

is designed to survive a "burnout" of its contents without reference to protection afforded

by fire apparatus and one designed to prevent the spread of fire from one part or story of

the structure to others pending its extinguishment by fire streams or other means.

If the former alternative is chosen, the structure should of course be of incom-

bustible materials and care must be taken that the resistance periods of the various

structural elements under standard fire test conditions" are consistent with the fire dura-

tions to be expected in consideration of the occupancy."

In the latter case the general requirements given above, together with other more

detailed precautions, should be strictly observed, and the structural parts of the build-

ing should be proportioned to afford consistent fire resistance for the periods required.

It is inconsistent, for example, to have a two hour floor system supported by 45 min-

ute columns, or vice versa. The type of floor deck used will depend on span and load-

ing as well as fire resistance, and it usually is necessary to adapt column and beam sizes

and protection to the resistance periods characteristic of the floor construction selected.

The fire resistance periods of timber floors have not been tested according to stand-

ard practice. Considerable information is available from various sources, however, wh'ch

affords a basis for estimating the resistance periods of such assemblies.

Tests without load made at the Laboratory of the National Lumber Manufacturers'

Association of Washington, D.C. on panels three feet square, showed the following

periods to failure: i.e. 250° Fahr. above room temperature on the cold side.

'* Specifications for Standard Industrial Buildings, Adopted 1929. National Fire Protection Asso-
ciation, Boston, Mass.

" Standard Specifications for Fire Tests of Building Construction and Materials. A.S.T.M. Stand-
ards for 1933, pages 254 to 262.

"Fire Tests of Office Occupancies, Quarterly, National Fire Protection Association, January 1927,
page 243.
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Table 6

Fire Temp.
Half Way

Type Through Panel

Description
'

Time in Minutes

2" X 12" matched plank with 1" X 4" Battens —
Laminated 2 X 4s 50

Laminated 2 X 4s with ^" Douglas Fir plywood on both

faces 45

Laminated 2 X ^H" pieces with nominal 1" fire retardant

treated wood on fire side and ^^" Douglas Fir on
cold side 55

2" X 8" Matched plank partition protected on both sides

with nominal 1" treated matched boards 40
2" X 6" Laminated Floor panel protected on fire side with

nominal 1"X4" treated square edge boards and J^"
oak flooring in the cold side 125

Period to

Failure

Time in Minutes

45
*

80

85

65

Panel removed
from furnace

after 3^ hours
run without
failure.

* Panel not tested to failure.

Additional fire resistance of floors or other structural members can be secured in

considerable amount by applying a surface layer of fire retardant treated boards or plank.

Tests of 1 inch and 2 inch material of this character under standard conditions, made

at the Laboratory of the National Lumber Manufacturers' Association gave the results

shown in Table 7. It will be noted that with one or two exceptions the advantage of

Table 7

Rate of Fire Penetration Through Treated and Untreated Timber under

Standard Test Conditions

Penetration Time for Panel Specimens and Specimens Tested Singly
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treated over untreated material is not suifficient to justify the additional cost, and in

heavy timber buildings where the combustible surface presented by floors and framing

is relatively less than that of the contents, there is little occasion for using treated ma-

terial. One commercial treatment, however, gave consistently longer protection than

others with which it was compared.

These data show quite definitely that the effect of a 1 inch extra thickness of wood,

applied over ceiling surfaces or around beams, girders and columns, is to defer fire attack

on the structure proper for at least 30 minutes. A two-inch layer is considerably more

effective in proportion to its thickness, affording protection for about 1 hour and IS min-

utes on the average. Using a 2 X 6 laminated floor with 1 inch under finish, a re-

sistance period of 1 hour and 45 minutes may be expected under load.

A column (see page 3) with shelf pieces for girder support may be expected to sup-

port its rated load for approximately 2 hours with 1 inch protection, and 2 hours and

45 minutes with 2 inch protection.

Besides affording additional fire resistance a protective layer of boards or plank can

be made to serve other purposes. It can be used to give architectural treatment where

this is desirable, conceaUng knots and shrinkage checks, and it can be used to increase con-

siderably the strength of columns and beams (see page 5 for strength of built-up columns

with solid cores).

Not enough data are available for conclusive interpretation, but the tests of lam-

inated panels indicate that good fire resistance periods can be secured with laminated

floor decks of the customary thickness, especially when supplemented with an under

finish of treated wood.

A series of fire tests of timber columns," made at the Underwriters Laboratories in

Chicago, disclosed resistance periods varying from 35 to 50 minutes with the load ap-

plied through ordinary steel post caps. Failure occurred in these tests before the col-

umn section was seriously impaired.

Another series of tests was made with reinforced concrete post caps, which are

rather bulky in size and expensive to produce, but which adequately insulate the bear-

ing surface from intense heat. These columns failed due to reduction of the shaft sec-

tion in from 1 hour 20 minutes to 1 hour SO minutes. Failure occurred in each case

when the cross section of the column had been reduced about SO per cent by fire attack.

Tests at the Laboratory of the National Lumber Manufacturers Association indicate

that housing of 2 inch planks, with or without fire retardant treatment, spiked on to

the columns, will prevent the net column section from being impaired to the above dan-

ger point for a period of 2 J^ to 3 hours.

Where structural steel members are used in a heavy timber building the parts of

which are otherwise resistant for a considerable period to fire attack, considerable addi-

tional resistance can be secured for the bare steel by housing it in with planks.

VIII. EFFECTIVE CROSS-SECTIONS

Members employing bolts or connectors for transmitting loads to other members are

somewhat reduced in net cross section. It is not always necessary, however, to use the

net cross section only in computing safe loads. The strength of straight grained timber

in axial tension is much greater than can be realized with any method of connections,

and is not materially decreased until the angle of grain reaches about 1 in 10. Tension

loads, therefore, are limited only by the secondary stresses introduced at connections or

** Fire Tests of Building Columns, 390 pages. Underwriters Laboratoiies, 207 E. Ohio St., Chicago,

III. $2.00 per copy.
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by knot area, which represents a net reduction of the cross-section. Since most struc-

tural grades recognize a certain reduction of net area for knots and since the maximum

of knots is unlikely in conjunction with the maximum reduction for bolts and con-

nectors, it is considered unnecessary to allow for the latter in fair sized material of a

75 per cent grade or less. For higher grade material and in small pieces generally, ft

is necessary to consider the net area remaining after ring grooves and bolt holes have

been cut. A 2 X 6, for example, with a 13/16 in. bolt hole and a 4 in. ring groove is

reduced in section by 3.56 sq. in. or 39 per cent and is therefore only a 60 per cent

grade. Since knot area may be to some extent cumulative with this reduction, tensile

stresses in 2 inch material with split ring connectors should not exceed 50 per cent of clear

wood stresses.

Appendix F

(9) STUDY OF ECONOMIC VALUE OF VARIOUS BASIC AND
COMPOSITE MATERIALS USED IN BUILDING CONSTRUC-
TION AND MAINTENANCE

W. T. Dorrance, Chairman, Sub-Committee; Hugo Filippi, E. A. Harrison, A. C. Irwin,

F. R. Judd, L. H. Laffoley, A. T. Upson.

It is obviously impracticable to lay down definite conclusions as to what are the

most economical materials for use in railroad buildings, inasmuch as availability of labor

and materials vary with the location. Also the use requirements must enter into any

study of this subject.

There are a number of points entering into such a study, and consideration must

be given in the determination of relative value of various materials to certain general

elements.

1—First Cost

Under this

—

(a)—Availability of material.

(b)—Labor cost of its application.

2—Maintenance Cost

Under this

—

(a)—DurabDity—Repairs and renewals,

(b)—Painting, decorating, cleaning.

3—Fire Safety

Under this

—

(a)—Cost of insurance.

(b)—Cost of sprinklers for non-fireproof structures.

(c)—Loss of contents.

(d)—Loss from loss of use.

4—Social Influence and Occupancy Availability

Under this

—

(a)—Appearance.
(b)—Local building ordinances.

(c)—Lighting.

(d)—Heating (Insulation).

(e)—Arrangements and alterations.

(f) —Acoustics.
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5—Obsolescence

Under this

—

(a)—Location.

(b)—Use and occupancy.
(c)—Adaptability to new uses.

6—Expected Service Life

The first cost of a structure of short life is of course of much greater importance

than in those of longer life, and the materials used in buildings should have a very* defi-

nite relation to the service life to be expected.

Durability must be considered in connection with the conditions of exposure. It is

proper to figure the durability of material when protected which, without such protec-

tion, could not be considered satisfactorily durable.

Relative economic values can be arrived at by determining the annual cost of the

various materials, taking into consideration these various general elements. The annual

cost can be expressed by the formula

—

iCz=V)r
A = Cr -{- ,,, s.

J
~\- M qz other factors

where A equals—Annual cost

C
V
r

n
M

—First Cost—^Net salvage value

—Rate of interest

—^Number of years expected service life

—Annual maintenance cost
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Committee.

To the American Railway Engineering Association:

Your Committee respectfully reports on the following subjects:

(1) Revision of the Manual (Appendix A).

(2) Specifications for fusion welding and gas cutting for steel structures. Progress

in study—No report.

(3) Tests of steel columns and formulas for design (Appendix B).

(4) Methods of strengthening existing structures (Appendix C). Recommended for

adoption and publication in the Manual.

(5) Use of alloy steels for structural purposes (Appendix D). Complete.

(6) Impact—railway bridges (Appendix E). Partially complete.

(7) Bearing value of small rollers (Appendix F).

(8) Design of rivet heads for steel structures. Progress in study—No report.

(9) Stresses in wire rope bent over sheaves. Progress in study—No report.

(10) Different grades of bronzes to be used for various purposes in connection with

iron and steel structures. Progress in study—No report.

(11) Design of expansion joints involving iron and steel structures. Progress in

study—No report.

(12) Design of tension members, and connections in which rivets develop tension.

Progress in study—No report.

(13) Special assignment. Effect of proposed increase in vehicle weights on high-

way bridges. Progress in study—No report.

The Committee on Iron and Steel Structures,

G. A. Haggander, Chairman.

Bulletin 374, February, 193 S.
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Appendix A

(1) REVISION OF MANUAL

I. L. Simmons, Chairman, Sub-Committee; J. E. Bernhardt, O. F. Dalstrom, B. R. Leffler,

P. B. Motley, O. E. Selby, A. R. Wilson.

It is recommended that the "Specifications for Waterproofing and Drainage of Solid

Floor Railway Bridges" (pages 1171-1180) be deleted, as the Specifications prepared by

the Special Committee on Waterproofing of Railway Structures will replace them.

It is recommended that material under "Contracting for Steel Railway Bridges",

adopted 1910 (page 1240), and "Column Tests", adopted 1920 (page 1250) be deleted

from the Manual.

It is recommended that paragraph 415 of the "Specifications for Movable Railway

Bridges" page 1124 be replaced by the following:

"The flanges of the segmental girders of rolling lift bridges shall be symmetrical
about the central planes of the webs. The central planes of the webs of the segmental
girders shall coincide with the corresponding central planes of the webs of the track
girders. The treads attached to the segmental girders and track girders shall be steel

castings or rolled steel plates and shall not be considered as part of the flanges of these
girders.

"The permissible load in pounds per linear inch of line bearing between treads for

segments having a diameter of 120 inches or more, shall not exceed

1 rP— 13000T
12000 + 80Z)

J [ ,0,000 J
in which D is the diameter of the segment in inches and P is the yield point strength of

the material in tension in pounds per square inch. The thickness of sole plates and of
the flange of flange-and-web castings shall be not less than 3.00 inches plus 0.004Z). The
effective length of the line bearing for each web shall not exceed the thickness of the web
of the segmental or track girder (including the effective thickness of the side plates) plus
1.6 times the least depth of the tread. The edge of the web shall be machined so as to
bear continuously upon the tread. The thickness of the web shall be such that the
quotient obtained by dividing the load by the area of a portion of the edge of the web
whose length equals twice the least thickness of the tread, shall not exceed one-half of the
yield point of the material in tension. Flange angles shall not be considered as trans-
mitting any load from the web to the treads, and the bearing value of side plates shall

not exceed the strength of those rivets connecting them to the web which are included
between diverging lines m the plane of the web that intersect in the line contact between
the treads and that make an angle with the normal to the rolling surfaces at that point
whose tangent is 0.8. The load, as used in this paragraph, shall be the weight of the
structure, no addition being made for rolling impact.

"Those portions of the segmental and track girders which are in contact when the
bridge is closed shall be designed for the sum of the dead load, the live load, and an
impact equal to the live load.

"The segmental and track girders shall be fully reinforced with stiffeners and dia-
phragms."

It is recommended that the "Specifications for Steel Railway Bridges" (pages 1071 to

1107 inclusive) be deleted, and that they be replaced by the new "Specifications for Steel

Railway Bridges for Fixed Spans Not Exceeding 400 Feet in Length", which are recom-

mended for adoption and publication in the Manual.
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SPECIFICATIONS FOR STEEL RAILWAY BRIDGES
For Fixed Spans Not Exceeding 400 Feet in Length

193S

FOREWORD

The purpose of the Committee in writing these specifications was to formulate

specific and detailfed rules for the design and manufacture of bridges, as a guide to both

the designer and the shop, rather than to confine the specifications to a statement of

principles or to limit them to rules defining the duties of the contractor. The intention

was to describe the best general practice for standard American and Canadian railroads,

and to advance the causes of good design and workmanship. The requirements of light

and branch railroads and foreign practice have not been considered.

The Clearance Diagram in these specifications is intended to apply to new construc-

tion work only. It provides for the future development of motive power to a width of

eleven feet.

QUESTIONS TO BE ANSWERED FOR THE INFORMATION OF BIDDERS

Article

1. What is the live load to be used? 203

2. Is the alinement straight or curved ? lOS

If curved, what is the degree of curve and what is the superelevation of outer

raU?

3. What is the rate and the direction of grade on the bridge ? 446

4. What are the conditions at the site ? 2

Furnish plans showing the general dimensions and conditions governing

the design of the structure:

Length of spans

Types of spans

Number and spacing of tracks

Angle of skew

Type of floor

Limiting under-clearance

5. Will other than two pilot nuts and two driving nuts be required for each si2e

of pin? 543

6. What kind of shop paint will be approved ? 544

7. Will end floor beams be required ? 107
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SPECIFICATIONS FOR STEEL RAILWAY
BRIDGES*

For Fixed Spans Not Exceeding 400 Feet in Length

PART I—DESIGN AND MANUFACTURE

SECTION A—PROPOSALS AND DRAWINGS

Definition of Terms

1. The term "Company" means the Railway Company party to the contract. The

term "Engineer" means the Chief Engineer of the Company or his subordinates in

authority. The term "Inspector" means the inspector representing the Company. The

term "Contractor" means the manufacturing or fabricating contractor party to the con-

tract.

Proposals

2. Bidders shall submit proposals conforming to the terms in the letter of invitation

The proposals preferably shall be based on plans and specifications furnished by the Com-
pany. Such plans will show the conditions determining the design of the bridge, the

general dimensions, stresses, and typical details.

If the invitation requires the Contractor to furnish the design, the invitation will

state the general conditions at the site, such as the track spacing, character of foundations,

presence of old structures, traffic conditions, etc.

Shop Drawings

3. After the contract has been awarded and before the work is begun, the Con-

tractor shall submit to the Engineer for approval, prints in duplicate of the stress sheets

and shop drawings, unless such drawings shall have been prepared by the Company.

Shop drawings shall be made in ink on the dull side of the tracing cloth, 24 by 36

inches in size, including margins. The margin at the left end shall be 1% inches wide,

and the others ]/2 inch. The title shall be in the lower right-hand comer.

No change shall be made on any approved drawing without the consent, in writing,

of the Engineer.

The Contractor shall furnish to the Company as many prints of the drawings as are

necessary for carrying out the work.

The tracings of the drawings shall be the property of, and be delivered to, the Com-

pany after the completion of the contract.

4. The Contractor shall be responsible for the correctness and completeness of his

drawings, although the drawings may have been approved by the Engineer.

5. If material is ordered by the Contractor before the drawings have been approved,

the Contractor shall assume the risk.

Drawings to Govern

6. If the drawings and the specifications differ, the drawings shall govern.

• The Specificatisns for Movable Railway Bridges of the American Railway Engineering Association,

1922, and current revisions thereof govern those features of movable bridges not covered by these

specifications.
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10 Proposals and Drawings— General Features of D e sign

Patented Devices

7. The Contractor shall protect the Company against claims arising from the us«

of patented devices or parts proposed by him.

Notice to Engineer

8. No material shall be rolled or work done before the Engineer has been notified

where the orders have been placed.

SECTION 1—GENERAL FEATURES OF DESIGN

Materials

101. Structures shall be made wholly of structural steel except where otherwise

specified. Rivet steel shall be used for rivets only. Forged steel shall be used for large

pins, large expansion rollers, and other parts if specified by the Engineer. Cast steel

preferably shall be used for shoes, rockers, and bearings. Cast iron may be used only

where specifically authorized by the Engineer.

Types of Bridges

102. The preferred types of bridges are as follows:

Rolled beams for spans up to SO feet.

Plate girders for spans up to 125 feet.

Riveted trusses for spans 100 feet or longer.

Pin-connected trusses for spans 300 feet or longer.

Spacing of Trusses, Girders, and Stringers

103. The distance between centers of trusses or girders shall be sufficient to prevent

overturning by the specified lateral forces. In no case shall it be less than one-twentieth

of the span for through spans, nor one-fifteenth of the span for deck spans.

The girders of deck spans and the stringers of through spans shall be spaced not

less than 6 feet 6 inches between centers, except that if there are four stringers or girders

under one track they shall be in pairs, one pair symmetrical about each rail.

Depth Ratios _4-0'4:-0' 4-0' 4-0'

104. The depth of trusses preferably shall

be not less than one-tenth of the span. The

depth of plate girders preferably shall be not

less than one-twelfth of the span. The depth

of rolled beams used as girders and the depth

of solid floors preferably shall be not less than

one-fifteenth of the span.

Clearances

105. The clearances on straight track

shall not be less than those shown in Fig. 1.

On curved track the clearance shall be in-

creased to allow for the overhanging and the ningnils.

tilting of a car 85 feet long, 60 feet between

centers of trucks, and 14 feet high.

The superelevation of the outer rail shall be as specified by the Engineer. The dis-

tance from the top of rail to the top of tie shall be taken as 8 inches. Where legal

requirements provide greater clearances, they shall govern.

642)



General Features of Design— Loads and Stresses 11

Dimensions for Calculation

106. For the calculation of stresses:

The length shall be:

For trusses and girders, the distance between centers of bearings.

For floor beams, the distance between centers of trusses or girders.

For stringers, the distance between centers of floor-beams.

For timber cross ties, the distance between centers of stringers or deck

girders.

The depth shall be:

For pin-connected trusses, the distance between centers of pins.

For riveted trusses, the distance between centers of gravity of chords.

End Floor Beams

107. Spans with floor systems shall have end floor beams unless otherwise specified.

Except where other means are provided, end floor beams shall be proportioned for lifting

the span without exceeding the design unit stresses more than 50 per cent.

Skew Bridges

108. At the ends of skew bridges, the ends of the supports for each track shall be

square with the line of the track.

Floor

109. Timber cross-ties shall be not less than ten feet long, and spaced not more than

six inches apart. They shall be secured against bunching.

SECTION 2—LOADS AND STRESSES

Loads and Forces

201. Bridges shall be proportioned for the following loads and forces:

(a) Dead Load.

(b) Live Load.

(c) Impact.

(d) Centrifugal force.

(e) Other lateral forces.

(f) Longitudinal force.

Stresses from each of these loads and forces shall be shown separately on the stress

sheet.

Dead Load

202. In estimating the weight for the purpose of computing dead load stresses, the

following unit weights shall be used:

Pounds per

Cubic Foot

Steel 490
Concrete 150
Sand, gravel, and ballast 120
Asphalt-mastic and bituminous macadam ISO
Granite 170
Paving bricks ISO
Timber 60
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12 Loads and Stresses

The track rails, inside guard rails, and fastenings shall be assumed to weigh 20C

pounds per linear foot for each track.

Live Load

203. The recommended live load for each track is the Coopers E-72 load shown in

Fig. 2 and Fig. 3.
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Fig. 2 Fio. 3.

The Engineer shall specify the Uve load to be used, such load to be proportional to

the recommended load, with the same axle spacing.

For bridges on curves, provision shall be made for the increased proportion carried

by any truss, girder, or stringer due to the eccentricity of the load.

For members receiving load from more than one track, the proportions of full live

load on thq tracks shall be as follows:

For two tracks, full live load.

For three tracks, full live load on two tracks and one-half on the other track.

For four tracks, full live load on two tracks, one-half on one track, and one-

fourth on the remaining one.

The selection of the tracks for these proportions shall be such as will give the greatest

live load stress.

Distribution of Live Load

204. Floor beams that are spaced close enough to carry the track loads without

stringers shall be designed for a proportion of the axle load equal to the ratio of the

floor beam spacing to the axle spacing. The floor beams shall be connected by solid-web

diaphragms at intervals not exceeding 12 times the flange width, with at least one

diaphragm for each track.

205. For ballasted floor bridges, the lateral distribution of the live load on each

track shall be taken as uniform over a width of 10 feet.

Impact

206. To the maximum computed static live load stresses, there shall be added the

impact, consisting of:

(a) The lurching effect:

100A percentage of the static live load stress equal to -^

5 = spacing, in feet, between centers of longitudinal girders,

stringers, or trusses; or length, in feet, of floor beams or

transverse girders.
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Loads and Stresses 13

(b) The direct vertical effect:

With steam locomotives (hammer blow, track irregularities, and car impact),

a percentage of the static live load stress equal to:

For L less than 100 feet 100—0.60L

1800
For L 100 feet or more

With electric locomotives (track irregularities and car impact)

,

a percentage of the static live load stress equal to

L-40

360

+ 10

+ 12.5

L z= length, in feet, center to center of supports for stringers,

longitudinal girders, and trusses (chords and main mem-
bers)

;

or, L z=i length of floor beams or transverse girders, in feet, for

floor beams, floor beam hangers, subdiagonals of trusses,

transverse girders, and supports for transverse girders.

The impact shall not exceed 100 per cent, of the static live load.

207. For members receiving load from more than one track, the impact percentage

shall be applied to the static live load on the number of tracks shown below:

Load received from:

Two tracks:

For L less than 175 feet Full impact on two tracks.

For L from 175 to 225 feet Full impact on one track and

a percentage of full impact

on the other as given by the

formula, 450-2L.

For L greater than 225 feet Full impact on one track and

none on the other.

More than two tracks:

For all values of L Full impact on any two tracks.

Centrifugal Force
208. On curves the centrifugal force (assumed to act 6 feet above the rail) shall

be taken equal to a percentage of the live load, including impact, according to the fol-

lowing table.

Degree of Curve



14 Loads and Stresses

Wind on Unloaded Bridge

210. If a wind force of 50 pounds a square foot of surface as defined above, on the

unloaded bridge, would produce greater stresses than the wind forces specified in Ar-

ticle 209 combined with the live load, the members where such greater stresses occur

shall be designed therefor.

Stability of Spans and Towers
211. In calculating the stability of spans and towers, the live load on one track

shall be 1200 pounds a linear foot, taken without impact. On multiple-track bridges,

this live load shall be on the leeward track.

The lateral forces shall be those specified in Articles 208, 209 and 210.

Sway of Locomotives

212. The lateral force to provide for the effect of the sway of locomotives (in addi-

tion to the other lateral forces specified) shall be a moving concentrated load of 20,000

pounds appUed at the top of rail, in either horizontal direction, at any point of the span.

Bracing between Compression Members
213. The lateral bracing of the compression chords or flanges of trusses and deck

girders and between the posts of viaduct towers shall be proportioned for a transverse

shear in any panel equal to 2^ per cent, of the total axial stress in both members in that

panel, in addition to the shear ^rom the specified lateral forces.

Longitudinal Force
214. The longitudinal forci ..'.suiting from the starting and stopping of trains shall

be the larger of:

(a) Force due to braking.

Fifteen per cent, of the live load without impact.

(b) Force due to traction.

Twenty-five per cent, of the weight on the driving wheels, without impact.

The longitudinal force shall be taken on one track only and shall be assumed to act

6 feet above the top of the rail.

For bridges where, by reason of continuity of members or frictional resistance, much

of the longitudinal force will be carried directly to the abutments, (such as ballasted deck

bridges of only three or four spans) only one-half of the longitudinal force shall be con-

sidered effective.

Reversal of Stress

215. Members subject to reversal of stress under the passage of the live load shall

be proportioned as follows:

Determine the resultant tensile stress and the resultant compressive stress and in-

crease each by 50 per cent, of the smaller; then proportion the member so that it will

be capable of resisting either increased resultant stress. The connections shall be pro-

portioned for the sum of the resultant stresses.

Combined Stresses

216. Members subject to both axial and bending stresses shall be so proportioned

that the combined fiber stresses will not exceed the allowed axial stress. In members con-

tinuous over panel points, only three-fourths of the bending stress computed as for simple

beams shall be added to the axial stress.
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Loads and S t r es se s— U n i t Stresses 15

217. Members subject to stresses produced by a combination of dead load, live load,

Impact, and centrifugal force, with other lateral forces and with longitudinal force, or

with bending due to such forces, may be proportioned for unit stresses 25 per cent, greater

than those specified in Article 301 ; but the section of the member shall not be less than

that required for the combination of dead load, live load, impact, and centrifugal force.

Secondary Stresses

218. The design and details shall be such that secondary stresses will be as small

as practicable. Secondary stresses due to truss distortion or floor beam deflection usually

need not be considered in any member the width of which, measured parallel to the plane

of distortion, is less than one-tenth of its length. If the secondary stress exceeds 4,000

pounds per square inch for tension members and 3,000 for compression members, the

excess shall be treated as a primary stress.

SECTION 3—UNIT STRESSES

Unit Stresses

301. The allowable unit stresses to be used in proportioning the parts of a bridge

shall be as follows:

Pounds Per
Square Inch

(a) Structural and Rivet Steel.

Axial tension, structural steel, net section 18,000

Tension in extreme fibers of rolled shapes, girders, and built

sections, subject to bending 18,000

Axial compression, gross section:

For stiffeners of plate girders 18,000

For columns centrally loaded and with values of l/r not

greater than 140:

/'

Riveted ends 15,000—^ -
r

I*

Pin ends 15,000—Va —
r

I z= length of member, in inches.

r= least radius of gyration of member, in inches.

For columns with values of l/r greater than 140 and for

columns of known eccentricity, see Appendix A.

Compression in extreme fibers of rolled shapes, girders, and
built sections, subject to bending (for values of l/b not

.
^'

greater than 40) 18,000—5 —

-

b

I ^ length, in inches, of unsupported flange between
lateral connections or knee braces.

b ^= flange width, in inches.

Stress in extreme fibers of pins 27,000

Shear in plate girder webs, gross section 11,000

Shear in power-driven rivets and pins 13,500

Shear in turned bolts and hand-driven rivets 11,000

Bearing on pins 24,000
Bearing on power-driven rivets, milled stiffeners, and other

steel parts in contact 27,000
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16 Unit Stresses

Rivets driven by pneumatically or electrically operated

hammers are considered power-driven.
Pounds Per
Square Inch

Bearing on rocker pins 12,000

Bearing on turned bolts and iiand-driven rivets 20,000

Bearing on expansion rollers and rockers, pounds per linear

inch:
/>—13,000

For diameters up to 25 inches
20"ooO

^^

/»—13.000 ,-—
For diameters from 25 to 125 inches

20 000
^^^

d =z diameter of roller or rocker, in inches.

p = yield point in tension of the steel in the roller

or the base, whichever is the lesser.

(b) Cast Steel.

For cast steel shoes and pedestals, the allowable unit stresses

in compression and bearing shall be the same as those for

structural steel. Other allowable unit stresses shall be

three-fourths of those for structural steel.

(c) Masonry.
Bearmg pressure:

Granite 800

Concrete 600

Sandstone and iimestone , 400

(d) Timber Cross Ties.

Extreme fiber stress in bending:
Yellow pine, dense structural grade 1,500

Douglas fir, close grain structural grade 1,400

White oak 1,200

White pine, Norway pine, and spruce 800

In computing the stresses in timber cross ties, the wheel
load shall be considered as distributed over three ties

and as applied without impact.

Effective Diameter of Rivets

302. The nominal diameter of rivets shall be considered the effective diameter.

Effective Bearing Area

303. The effective bearing area of pins, bolts, and rivets shall be the diameter mul-

tiplied by the length in bearing; except that for countersunk rivets, half the depth of

the countersink shall be deducted.

Slenderness Ratio

304. The slenderness ratio (ratio of length to least radius of gyration) shall not

exceed:

100 for main compression members.

120 for wind and sway bracing in compression.

140 for single lacing.

200 for double lacing.

200 for tension members other than eye bars.

Proportioning Web Members

305. Web members shall be so proportioned that a live load which will increase the

total unit stresses in the chords one-third will produce unit stresses in the web members

not more than one-third greater than the designing stresses.
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SECTION 4—DETAILS OF DESIGN

Thickness of Material

401. Metal, except for fillers, shall be not less than ^ inch thick. Parts subject

to marked corrosive influences shall be of greater thickness than otherwise or else pro-

tected against such influences.

The thickness of gusset plates connecting the chords and web members of a truss

shall be proportionate to the stress to be transferred but not less than J^ inch.

Accessibility of Parts

402. Details shall be such that all parts will be accessible for inspection, cleaning,

and painting. Closed sections shall be avoided wherever possible.

Drainage of Pockets

403. Pockets or depressions that would hold water shall have effective drain holes

or else be filled with concrete or other suitable material.

Eccentric Connections

404. Eccentric connections shall be avoided if practicable, but if they are unavoid-

able the members shall be so proportioned that the combined stresses will not exceed

the allowable axial stress. Members shall be so arranged that their gravity axes will

intersect in a point.

Compression Members
405. Compression members shall be so designed that the main elements of the sec-

tion will be connected directly to the gusset plates, pins, or other members.

The center of gravity of a built-up section shall coincide as nearly as practicable with

the center line of the section. Preferably the segments shall be connected by sohd webs.

In members consisting of segments connected by cover plates or lacing, or segments

connected by webs, the thickness of the webs of the segments shall be not less than

1/32 of the unsupported distance between the nearest rivet lines or the roots of the

flanges of rolled segments. The thickness of the cover plates or webs connecting the

segments shall be not less than 1/40 of the unsupported distance between the nearest

lines of their connecting rivets or the roots of their rolled flanges.

Outstanding Legs of Angles

406. The width of the outstanding legs of angles in compression, except those rein-

forced by plates, shall not exceed the following:

(a) For stringers and girders, where the ties rest on the flange, ten times the thick-

ness.

(b) For main members carrying axial stress, and for stringers and girders not in-

cluded in (a), twelve times the thickness.

(c) For bracing and other secondary members, fourteen times the thickness.

Rigid Members
407. The bottom chord sections in the first and second panels at each end of single-

track pin-connected truss spans, and the hip verticals and members with similar func-

tions in all spans, shall be rigid.

Strength of Connections

408. Connections shall have a strength not less than that of the member connected,

based on the allowable unit stress in the member. Connections shall be made as nearly

symmetrical as practicable about the axes of the members.
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18 Details of Design

Net Section

409. The net section of a riveted tension member is the sum of the net sections of

its component parts. The net section of a part is the product of the thickness of the part

multiplied by its least net width.

The net width for any chain of holes extending progressively across the part shall

be obtained by deducting from the gross width the sum of the diameters of all the holes

in the chain and adding, for each gage space in the chain, the quantity.

_£_
4g

s= pitch of any two successive holes in the chain.

g = gage of the same holes.

The net section of the part is obtained from that chain which gives the least net

width.

For angles, the gross width shall be the sum of the widths of the legs less the thick-

ness. The gage for holes in opposite legs shall be the sum of the gages from back of

angle less the thickness.

For splice members, the thickness shall be only that part of the thickness of the

member which has been developed by rivets beyond the section considered.

The diameter of the hole shall be taken as 1/8 inch greater than the nominal diam-

eter of the rivet.

Effective Sections of Angles

410. If angles in tension are so connected that bending cannot occur in any direc-

tion, the effective section shall be the net section of the angle. If connected on one side

of a gusset plate, the effective section shall be the net section of the connected leg plus

one-half the section of the unconnected leg.

Section at Pin Holes
411. In pin-connected riveted tension members the net section beyond the pin hole,

parallel with the axis of the member, shall be not less than the net section of the mem-
ber. The net section through the pin hole, transverse to the axis of the member, shall

be at least 40 per cent, greater than the net section of the member. The ratio of the net

width (through the pin hole transverse to the axis of the member) to the thickness of

the segment preferably shall not be more than 12.

Grip of Rivets

412. If the grip of rivets carrying calculated stress exceeds four and one-half times

the diameter, the number of rivets shall be increased at least one per cent, for each addi-

tional 1/16 inch of grip. If the grip exceeds six times the diameter, the shanks shall be

specially designed to fill the holes completely when driven.

Pitch of Rivets

413. The pitch in the direction of stress for members composed of plates and shapes

shall not exceed seven times the diameter of the rivets except for web stitch rivets.

At the ends of built compression members, the pitch in the direction of stress shall

not exceed four times the diameter of the rivets for a distance one and one-half times

the width of the member.

Stitch Rivets

414. Where two or more web plates are in contact, there shall be stitch rivets to

make them act in unison. In compression members, the pitch of such rivets in the
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direction of stress shall not exceed 12 times the thickness of the thinnest outside plate

connected, and the gage 24 times that thickness. In tension members, the maximum

pitch or gage of such rivets shall be 24 times that thickness. In tension members com-

posed of two angles in contact, the pitch of the stitch rivets shall not exceed 12 inches.

Minimum Spacing of Rivets

415. The distance between centers of rivets shall be not less than three times the

diameter of the rivets.

Edge Distance of Rivets

416. The distance from the center of a rivet to a sheared edge shall not be less

than one and three-fourths times the diameter, nor to a rolled or planed edge less than

one and one-half times the diameter, except in flanges of beams and channels, where the

minimum distance may be one and one-fourth times the diameter.

The distance from the center of a rivet to the edge of a plate shall not exceed eight

times the thickness of the plate.

Sizes of Rivets in Angles

417. The diameter of the rivets in angles whose size is determined by calculated

stress shall not exceed one-fourth of the width of the leg in which they are driven. In

angles whose size is not so determined, 1-inch rivets may be used in 3J/2-inch legs, J^-inch

rivets in 3 -inch legs, and ^-inch rivets in 2 >^ -inch legs.

Compression Splices

418. Members subject to compression only, if faced for bearing, shall be spliced on

four sides sufficiently to hold the abutting parts true to place. The splice shall be as

near a panel point as practicable and shall be designed to transmit at least one-half

of the stress through the splice material. Members not faced for bearing shall be fully

spUced.

Extra Rivets

419. If splice plates are not in direct contact with the parts which they connect,

there shall be rivets on each side of the joint in excess of the number required in the

case of direct contact, to the extent of two extra lines for each intervening plate.

If rivets carrying stress pass through fillers, the fillers shall be extended beyond the

connected member and the extension secured by enough additional rivets to develop the

value of the filler.

Stay Plates

420. On the open sides of compression members, the segments shall be connected

by lacing bars and there shall be stay plates as near each end as practicable. There shall

be stay plates at intermediate points where the lacing is interrupted. In main members

the length of the end stay plates shall be not less than one and one-fourth times the dis-

tance between the Hnes of rivets connecting them to the outer flanges. The length of in-

termediate stay plates shall be not less than three-fourths of that distance.

The segments of tension members composed of shapes shall be stayed together. The

length of the stay plates shall be not less than two-thirds of the lengths specified for

stay plates on compression members. They shall be connected to each segment by at

least three rivets.

The thickness of stay plates shall be not less than one-fiftieth of the distance be-

tween the lines of rivets connecting them to the outer flanges for main members, or one-

sixtieth of that distance for bracing members.
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Lacing

421. Lacing bars of compression members shall be so spaced that the slenderness

ratio of the portion of the flange included between the lacing bar connections will be

not more than 40 nor more than two-thirds of the slenderness ratio of the member.

In compression members, the shearing stress normal to the member in the plane of

the lacing shall be that obtained by the following formula,

7=-L
100

/_iOO_ _r_ \
I / .

^ 100 I

\7 + io /
V = normal shearing stress.

P = allowable compressive axial load on member.
/= length of member, in inches.

r = radius of gyration of section about the axis perpendicular to plane of lacing,

in inches.

To the shear so determined shall be added any shear due to the weight of the mem-

ber or to other forces, and the lacing proportioned for the combined shear.

The shear shall be considered as divided equally among all parallel planes in which

there are shear resisting elements, whether continuous plates or lacing. The section of

the lacing bars shall be determined by the formula for axial compression in which / is

taken as the distance along the bar between its connections to the main segments for

single lacing, and as 70 per cent, of that distance for double lacing.

If the distance across the member between rivet lines in the flanges is more than IS

inches and a bar with a single rivet in the connection is used, the lacing shall be double

and riveted at the intersections.

The angle between the lacing bars and the axis of the member shall be approxi-

mately 45 degrees for double lacing and 60 degrees for single lacing.

Lacing bars may be shapes or flat bars. For main members the minimum thickness

of flat bars shall be one-fortieth of the distance along the bar between its connections

for single lacing, and one-sixtieth for double lacing. For bracing members, the limits shall

be one-fiftieth for single lacing and one-seventy-fifth for double lacing.

The diameter of the rivets in lacing bars shall not exceed one-third of the width of

the bar. There shall be at least two rivets in each end of lacing bars riveted to flanges

more than S inches in width.

Reinforcing Plates at Pin Holes

422. Where necessary for the required section or bearing area, the section at pin

holes shall be increased on each segment by plates so arranged as to reduce the eccen-

tricity of the segment to a minimum. One plate on each side shall be as wide as the

outstanding flanges will allow. At least one full width plate on each segment shall

extend to the far edge of the stay plate and the others not less than 6 inches beyond the

near edge. These plates shall be connected by enough rivets to transmit the bearing

pressure and so arranged as to distribute it uniformly over the full section.

Forked Ends

423. Forked ends will be permitted only where unavoidable. There shall be enough

pin plates on forked ends to make the section of each jaw equal to that of the member.

The pin plates shall be long enough to develop the pin plate beyond the near edge of the

stay plate, but not less than the length required by Article 422.
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Floor Beams

424. Floor beams preperably shall be square to the girders or trusses.

End Connection Angles

425. The connection angles for stringers, floor beams, and beams in solid floor

sections shall be not less than 4 inches in width and Yi inch in finished thickness.

Proportioning Plate Girders

426. Plate girders and other members subject to bending that produces net tension

on one face shall be proportioned by the moment-of-inertia method, using the net sec-

tion of the compression side as well as of the tension side.

Flange Section

427. The gross section of the compression flange of a plate girder or a rolled beam
shall not be less than the gross section of the tension flange.

Flanges of plate girders preferably shall be made without cover plates or side plates

unless angles of greater section than 6 inches by 6 inches by y% inch would otherwise be

required.

Cover plates shall be equal in thickness, or shall diminish in thickness from the

flange angles outward. No plate shall be thicker than the flange angles. When cover

plates are used, at least one plate on each flange shall extend the full length of the girder.

Other flange plates shall extend far enough to allow two rows of rivets at each end of

the plate, beyond the theoretical end, and there shall be enough rivets to develop the

plate between its end and the theoretical end of the next plate outside.

In through bridges, there shall be end and corner cover plates.

Flange Rivets

428. The flanges of plate girders shall be connected to the web with enough rivets

to transmit to the flange section the horizontal shear at any point together with any

load that is applied directly on the flange. Where the ties rest on the flange, one wheel

load shall be assumed to be distributed over three feet.

Flange Splices

429. Flange members that are spliced shall be covered by extra material equal in

section to the member spliced. There shall be enough rivets on each side of the splice

to transmit to the splice material the stress value of the part cut.

Flange angles shall be spliced with angles. No two members shall be spliced at the

same cross-section.

Web Splices

430. Splices in the webs of plate girders shall be designed for the full strength of

the web in both shear and bending.

Thickness of Web Plates

431. The thickness of web plates shall be not less than 1/170 of the clear distance

between the flanges.
.

Stiffeners at Points of Bearing

432. Stiffeners shall be placed at end bearings of plate girders and at points of bear-

ing of concentrated loads. They shall extend as nearly as practicable to the edges of
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the flange angles and shall be connected to the web by enough rivets to transmit the

stress. Such stiffeners shall not be crimped. Only that part of the stiffener cross-sec-

tion which lies without the fillet of the flange angle shall be considered effective in bearing.

Intermediate Stiffeners

433. If the depth of the web between the flanges or side plates of a plate girder

exceeds 60 times its thickness, it shall be stiffened by pairs of angles riveted to the web.

The clear distance between stiffeners shall not exceed 72 inches nor that given by the

formula:

^_ 2S5000f 3/5i

s

d = clear distance between stiffeners, in inches.

t = thickness of web, in inches.

a = clear depth of web between flanges or side plates, in inches.

S= unit shearing stress, gross section, in web at point considered.

The width of the outstanding leg of each angle shall be not more than 16 times its

thickness and not less than two inches plus 1/30 of the depth of the girder.

Bracing of Top Flanges of Through Girders

434. The top flanges of through plate girders shall be braced at the panel points

by brackets with web plates. The brackets shall extend to the top flange of the main

girder and be as wide as the clearance will allow. They shall be attached securely to a

stiffener angle on the girder and to the top flange of the floor beam. On solid floor

bridges the brackets shall be not more than twelve feet apart.

Lateral Bracing

435. There shall be bottom lateral bracing in all spans except deck spans less than

50 feet long.

There shall be top lateral bracing in deck spans and in through spans that have

enough head room.

Portal and Sway Bracing

436. In through truss spans there shall be portal bracing, with knee braces, as deep

as the clearance will allow. There shall be sway bracing at the intermediate panel points

if the trusses are high enough to allow a depth of 6 feet or more for such bracing. If

they are not high enough to allow that depth, the top lateral struts shall be of the same

depth as the chord, and there shall be knee braces as deep as the clearance will allow.

In deck truss spans there shall be sway bracing at the panel points. The top lateral

forces shall be carried to the supports by means of a complete system of bracing in the

planes of the top chords and the main end posts.

Rigid Bracing

437. Lateral bracing shall be rigid and there shall be not less than three rivets in

each end connection.

If the bracing is a double system and the members meet the requirements for both

tension and compression members, both systems may be considered effective simultane-

ously.

Cross Frames
438. In deck plate girder spans there shall be cross frames at the ends and at

intervals not exceeding 18 feet. The end frames shall be proportioned for the centri-

fugal and lateral forces.
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If there are two lines of stringers under each track in panels more than 20 feet in

length, they shall be connected by cross frames.

Viaducts

439. Viaducts shall consist of spans supported on bents. The bents preferably shall

be composed of not more than two columns braced together. They shall be united in

pairs by bracing to form towers except where single bents are necessary.

The columns preferably shall be made with a transverse batter of one horizontal to

six vertical for single track viaducts, and one horizontal to eight vertical for double track

viaducts.

The bracing of bents and towers shall consist of double systems of rigid diagonals

with struts at caps and bases and at intermediate panel points. In double track towers

there shall be bracing to transmit the longitudinal force to both sides.

The bottom struts shall be proportioned for either the calculated stresses or a stress

in tension or compression equal to one-fourth of the dead load reaction on one pedestal,

whichever is greater. The column bearings shall be designed to allow for the expansion

and contraction of the tower bracing.

Where long spans are supported on short single bents, the bents shall be made with

hinged ends or else the columns and anchorage shall be proportioned for the bending

stresses produced by temperature changes and the elastic deformation of the span.

Eye-Bars
440. The thickness of eye-bars shall be not less than one inch nor more than two

inches. The section of the head through the center of the pin-hole shall exceed that of

the body of the bar by at least 35 per cent. The form of the head shall be submitted to

the Engineer for approval before the bars are made. The diameter of the pin shall be

not less than eight-tenths of the width of the widest bar attached.

Eye-Bar Packing

441. The eye-bars of a set shall be symmetrical about the central plane of the truss

and as nearly parallel as practicable. The inclination of any bar to the plane of the

truss shall not exceed 1/16 inch to the foot. The bars shall be packed close, held against

lateral movement, and so arranged that those in the same panel will not be in contact.

Expansion

442. The design shall be such as to allow for the changes in length of the span, re-

sulting from changes in temperature, at the rate of one inch in 100 feet. Provision shall

be made for changes in length of the span resulting from live load stresses. In spans

more than 300 feet long, allowance shall be made for the expansion in the floor.

End Bearings

443. In spans more than 70 feet long, there shall be rollers or rockers at one end.

Shorter spans shall be designed to slide on bearings with smooth surfaces.

Bearings and ends of spans shall be secured against lateral movement.

End bearings on masonry preferably shall be raised above the bridge seat by metal

pedestals or bolsters.

Rollers

444. Expansion rollers may be either cylindrical or segmental and shall be not less

than 6 inches in diameter. They shall be coupled together with substantial side bars

and geared to the upper and lower plates. The roller nest shall be so designed that the

parts may be cleaned readily.
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Pedestals and Shoes

445. Pedestals and shoes preferably shall be made of cast steel. Base plates may be

rolled slabs. The difference in width between the top and the bottom bearing surfaces

shall not exceed twice the vertical distance between them. For hinged bearings, this dis-

tance shall be measured from the center of the pin. In built pedestals and shoes, the

web-plates and the angles connecting them to the base plate shall be not less than ^
inch thick. If the size of the pedestal permits, the webs shall be rigidly connected by
diaphragms. The minimum thickness of the metal in cast steel pedestals shall be one

inch. Pedestals and shoes shall be so designed that the load will be distributed uni-

formly over the entire bearing surface.

In spans more than 70 feet long there shall be hinged bearings at both ends.

Inclined Bearings

446. For spans on an inclined grade and without hinged bearings, the sole plates

shall be beveled so that the masonry surfaces may be made level.

Anchor Bolts

447. Anchor bolts shall be not less than 1% inches in diameter. There shall be

washers under the nuts. Anchor bolt holes in pedestals and sole plates shall be ^ inch

larger in diameter than the bolts and at expansion points the holes in the sole plates

shall be slotted.

Anchor bolts that do not take uplift shall be long enough to extend 12 inches into

the masonry. Those that do take uplift shall be designed to engage a mass of masonry

the weight of which is one and one-half times the uplift.

Camber

448. The camber of trusses shall be equal to the deflection produced by the dead

load plus a load of 3000 pounds per foot of track. The camber of plate girders more

than 90 feet in length shall be equal to the deflection produced by the dead load only.

Plate girders 90 feet or less in length and rolled beams need not be cambered.

Screw Threads

449. Screw threads shall be American Standard, free fit, except that for pin ends of

diameters greater than 1^ inches, the number of threads shall be six to an inch.

Pins

450. In pins more than 9 inches in diameter, there shall be a hole not less than

2 inches in diameter bored longitudinally on the center line.

The turned bodies of pins shall be long enough to extend at the ends J4 inch

beyond the outside faces of the parts connected. The pins shall be secured by chambered

nuts or by solid nuts and washers. If the pins are bored, through rods with cap washers

may be used. The screw ends shall be long enough to allow burring the threads.

Pin-connected members shall be secured in such a way as to limit lateral movement

on the pin. Filler rings shall be made of metal not less than ^ inch thick.

Name Plates

451. There shall be a name plate, showing in raised letters and figures the name

of the manufacturer and the year of construction, bolted to the bridge near each end at

a point convenient for inspection.
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SECTION S—WORKMANSHIP
General

501. The workmanship and finish shall be equal to the best general practice in

modem bridge shops. Material at the shops shall be kept clean and protected from the

weather as far as practicable.
'

Straightening Material

502. Rolled material must be straight before being laid off or worked. Straighten-

ing shall be done by methods that will not injure the material. Sharp kinks and bends

shall be cause for rejection.

Finish

503. Shearing, chipping, and flame cutting shall be done neatly and accurately.

Portions of the work exposed to view shall be neatly finished.

Punching and Reaming
504. Holes may be punched full-size in material used for lateral, longitudinal, or

sway bracing, lacing, stay plates, and diaphragms, if the material is not more than

% inch thick. Holes in main material forming a part composed of not more than three

thicknesses may be punched full-size if no thickness is more than 5^ inch.

If there are more than three thicknesses or if any thickness is more than % inch,

the holes in all of the thicknesses shall be punched-and-reamed, except that if any thick-

ness is more than the nominal diameter of the rivets minus ^ inch, the holes in that

thickness shall be drilled.

Holes
505. Holes shall be punched full-size, punched-and-reamed, or drilled. The finished

hole shall be 1/16 inch larger than the nominal diameter of the rivets.

For holes punched full-size, the diameter of the die shall not exceed that of tht

punch by more than 3/32 inch.

Holes punched-and-reamed shall be punched 3/16 inch smaller than the nominal di

ameter of the rivets and reamed to the finished size.

Drilled holes shall be drilled to finished size while all of the thicknesses of metal art

assembled; or else sub-drilled and reamed as required for punched-and-reamed holes.

Holes shall be cleancut, without torn or ragged edges. Holes that must be enlarged

to admit the rivets shall be reamed. Drilling shall be done accurately. Poor matching

of holes shall be cause for rejection.

Holes for turned bolts shall be reamed so that the bolt will make a tight fit.

Holes shall be cylindrical and perpendicular to the member.

Reaming and Drilling

506. Reaming and drilling shall be done with twist drills. Drills used for reaming

preferably shall be directed by mechanical means.

Reaming after Assembling
507. Reaming shall be done after the pieces forming a built member are assembled

and so firmly bolted together that the surfaces are in close contact. Burrs on the outside

surfaces shall be removed. The pieces shall be taken apart before riveting, if necessary,

and any shavings removed. If it is necessary to take the members apart for shipping or

handling, the pieces reamed together shall be so marked that they may be reassembled

in the same position. Reamed parts shall not be interchanged.

Note.—There are no articles numbered 508, 509, 510.
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Shop Assembling
511. The parts of riveted members shall be well pinned and firmly drawn together

with bolts before riveting is begun. The drifting done during assembling shall be only

such as to bring the parts into position and not to enlarge the holes or distort the metal.

Field Connections
512. Solid floor sections shall be assembled in the shop with the girders or trusses,

or in suitable frames. The connections shall be made to fit either by reaming the parts

while so assembled or by reaming to metal templates.

513. Riveted trusses and the chords of pin-connected trusses shall be assembled to

line and fit in the shop, either in whole or in part, and the holes for field connections

drilled or reamed while the parts are so assembled; or else such holes shall be reamed to

metal templates so placed as to secure the same result as assembling. Holes for other

field connections, except those in lateral, longitudinal, and sway bracing, shall be reamed

or drilled to a metal template.

Match-Marking
514. Connecting parts assembled in the shop for the purpose of reaming or drilling

holes in field connections shall be match-marked, and a diagram showing such marks

furnished the Engineer.

Rivets

515. The size of rivets called for on the plans shall be the size before heating.

516. Rivet heads shall be of approved shape and of the same size for each diameter

of rivet. They shall be full, neatly made, concentric with the rivet holes, and in full

contact with the surface of the member.

Riveting

51 7. Rivets shall be heated uniformly to a light cherry red and driven while hot.

They shall be free from slag, scale, and carbon deposit. When driven, they shall com-

pletely fill the holes. Loose, burned, or otherwise defective rivets shall be replaced.

In removing rivets, care shall be taken not to injure the adjacent metal and, if necessary,

they shall be drilled out. Caulking or recupping shall not be done.

518. Rivets shall be driven by direct-acting riveters where practicable. The pres-

sure shall be continued after the upsetting has been completed.

519. When rivets are driven with a pneumatic riveting hammer, a pneumatic bucker

shall be used where practicable.

Field Rivets

520. Field rivets shall be furnished in excess of the nominal number required to

the amount of 15 per cent, plus ten rivets, for each size and length.

521. Field rivets shall be free from fins on the under side of the head.

Turned Bolts

522. Turned bolts used to transmit shear shall be 1/32 inch less in diameter than

the hole and the threaded portion 1/16 inch less than the shank. The length of the shank

shall be 1/16 inch greater than the grip. There shall be a washer not less than %. inch

thick under the nut.

Planing Sheared Edges
523. Sheared edges of main material more than Ys inch thick shall be planed to a

depth of J4 inch. Re-entrant cuts shall be filleted before cutting,
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Flame Cutting

523a. Flame cutting of main material shall not be done unless permitted by the

Engineer.

Lacing Bars

524. The ends of lacing bars shall be rounded unless otherwise required.

Fit of Stiffeners

525. Stiffeners under the top flanges of deck plate girders and at all bearing points

shall be milled or ground to bear against the flange angles. The fit of other stiffeners

against the flange angles must be such as to exclude water after being painted. Fillers

and splice plates shall be made to fit within J4 i"ch at each end.

Web Plates

526. The edges of web plates of girders that have no cover plates shall not be more

than % inch above or below the backs of the top flange angles. Web plates of girders

that have cover plates may be 14 inch less in width than the distance back to back of

flange angles.

527. In splices of web plates there shall be not more than H inch opening between

the plates.

Facing Floor Beams, Stringers, and Girders

528. Floor beams, stringers, and girders having end connection angles shall be

made to exact length. If facing is necessary, the thickness of the end connection angles

shall not be reduced more than % inch at any point.

The ends of the web plate shall be within ]/s inch of the backs of the end connection

angles.

Finished Members

529. Finished members shall be true to line and free from twists, bends, and open

joints.

Abutting Joints

530. In joints and splices of compression members and girder flanges, and of tension

members where so specified on the drawings, the abutting surfaces shall be faced and

brought to an even bearing. Where the abutting surfaces are not faced, the opening

shall not be more than % inch.

Eye-Bars

531. Eye-bars shall be straight, true to size, and free from twists, folds in the neck

or head, and other defects. The heads shall be made by upsetting, and rolling or forg-

ing. Welding shall not be done. The thickness of the head and neck shall not overrun

more than:

1/16 inch for bars 8 inches or less in width.

1/8 inch for bars more than 8 inches and not more than 12 inches wide.

3/16 inch for bars more than 12 inches wide.

532. Both ends of eye-bars shall be bored at the same time. Bars that are to be

placed side by side in the structure shall be bored so accurately that the pins may be

passed through the holes at both ends at the same time without driving when the bars

are placed together,
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Annealing

533. Steel that has been partially heated, except that to be used in minor parts,

shall be annealed.

Eye-bars shall be annealed by heating uniformly to the proper temperature followed

by slow and uniform coohng. Instruments shall be used to determine at all times the

temperature of the bars.

A record of the annealing charges showing the bars in each charge and details of

the treatment as to the temperature and time, shall be available to the Engineer.

Boring Pin Holes

S3S. Pin holes shall be bored true to gage, smooth, straight, at right angles with

the axis of the member, and parallel with each other, unless otherwise required. The

tolerance in the length from outside to outside of pin holes of tension members, or from

inside to inside of pin holes of compression members, shall be 1/32 inch for each 75 feet

or fraction thereof. In built-up members the boring shall be done after the member

has been riveted.

Pin Clearances

537. The difference in diameter between the pin and the pin hole shall be 1/50 inch

for pins up to 5 inches in diameter, and 1/32 inch for larger pins.

Pins and Rollers

538. Pins and rollers shall be turned accurately to gage and shall be straight,

smooth, and free from flaws.

Screw Threads

539. Screw threads shall be made a close fit in the nut.

Forging Pins

540. Pins more than 7 inches in diameter shall be forged and annealed.

Fitting of Base and Cap Plates

541. The top and bottom surfaces of base and cap plates of columns and pedestals

shall be planed, or else hot-straightened, and the parts of members in contact with them

faced to fit. Connection angles for base plates and cap plates shall be riveted to com-

pression members before the members are faced.

Surfaces of Bearing Plates and Pedestals

542. Sole plates of plate girders shall be in full contact with the girder flanges.

Sole plates and masonry plates shall be planed or straightened. In cast pedestals, bear-

ing surfaces to be in contact with steel or masonry shall be planed.

Pilot Nuts

543. Two pilot nuts and two driving nuts for each size of pin shall be furnished

unless otherwise specified.

Shop Painting

544. Unless otherwise specified, steel work shall be given one coat of approved

paint after it has been accepted by the Inspector and before it is moved from the shop.

Surfaces to be in contact shall be clean when assembled. They shall not be painted.

Surfaces not to be in contact but inaccessible shall be painted before the parts are

assembled.

660)



Workmanship— Full-Size Tests of Eye-Bars 29

Surfaces of metal to be painted shall be cleaned thoroughly, removing rust, mill

scale, dirt, oil, grease, and other foreign substances. Oil and grease shall be removed

with benzine or gasoline.

Paint shall not be applied on damp or frosted surfaces.

The paint shall be mixed thoroughly and the pigment kept in suspension until the

paint is applied.

Machined Surfaces

545. Machine finished surfaces of steel (except abutting joints and base plates)

shall be coated with white lead and tallow applied as soon as the surfaces have been

finished and accepted by the Inspector.

Facilities for Inspection

546. The Contractor shall afford the Inspector, without charge, facilities for the

inspection of materials and workmanship. The Inspector shall be allowed free access to

the parts of the works used in the fabrication.

Material Orders and Shipping Statements

547. The Contractor shall furnish to the Engineer as many copies of material orders

and shipping statements as the Engineer may require. The weights of the individual

members shall be shown on the statements.

Notice of Beginning Work
548. The Contractor shall give the Engineer ample notice of the beginning of

rolling in the mill and of work in the shop, in order that inspection may be provided.

Material shall not be rolled nor work done in the shop before the Engineer has been so

notified.

Inspector's Authority

549. The Inspector shall have authority to reject materials or workmanship that

do not meet the requirements of these specifications. In case of dispute, the Contractor

may appeal to the Engineer, whose decision shall be final.

Rejection

550. The acceptance by the Inspector of material or finished members shall not

be a bar to their rejection later if found defective.

Rejected material and workmanship shall be replaced promptly or made good by

the Contractor.

SECTION 6—FULL-SIZE TESTS OF EYE-BARS
Eye-Bars

601. The acceptance of eye-bars shall depend on the results of full-size tests. The

Contractor shall furnish, without charge, the testing machines, tools, and labor necessary

to make the tests.

Number of Full-Size Tests

602. The number and size of the bars to be tested shall be stipulated by the

Engineer before the mill order is placed. The number shall not exceed 5 per cent, of

the whole number of bars ordered, with a minimum of two bars.

Selection of Test Bars
603. Test bars shall be of the same section and with pin holes of the same size as

the bars ordered and of the same length if within the capacity of the testing machine.

(661
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They shall be selected by the Inspector from the forged and annealed bars, except that

those from bars too long for the testing machine shall be selected from the full-length

bars after the heads on one end have been formed. They then shall be cut and the

second head formed to make a bar of the greatest length that can be tested.

Physical Properties

604. The minimum requirements for full-size eye-bar tests shall be as follows:

Yield point, in pounds per square inch 33,000
Ultimate strength, in pounds per square inch 60,000
Elongation in 18 feet 12 per cent

The measurement of the elongation shall be made in the part of the bar that includes

the fracture.

The fracture shall be in the body of the bar. The appearance of the surface at the

fracture shall be silky throughout, indicating a finely granular structure.

Retests

605. If a bar fails to meet the requirements of Article 604, two additional bars of

the same size from the same mill heat shall be tested. The bars represented by the test

may be reannealed before the additional bars are tested. If two of the three bars tested

fail, the bars of that size and mill heat shall be rejected.

Payment for Test Bars
606. Bars tested full-size shall be paid for by the Company at the same rate as

the bars accepted if they meet the requirements of the specifications. Bars that fail to

meet the requirements and those rejected as a result of tests, shall not be paid for by the

Company. The scrap from bars tested shall be the property of the Contractor.

SECTION 7—WEIGHING AND SHIPPING

Pay Weight
701. The payment in pound-price contracts shall be based on the scale weight of

the metal in the fabricated structure, including field rivets shipped, or, if permitted by

the Engineer, payment may be based on computed weights. The weight of field paint

and cement, boxes and barrels used for packing, and material used for staying or sup-

porting members on cars, shall not be included.

Scale weight in excess of iH per cent, above the computed weight shall not be

included in the weight paid for.

Variance in Weight
702. If the scale weight of any member is less than 97J^ per cent, of the computed

weight, it shall be cause for rejection.

Computed Weight
703. The weights of rolled shapes and of plates up to and including 36 inches in

width shall be computed on the basis of their nominal weights and dimensions as shown

on the approved shop drawings, deducting for copes, cuts, and open holes. For plates

more than 36 inches in width, there shall be added to the nominal weight one-half the

allowed percentage of overrun in weight given in Article 824.

The weight of the heads of shop driven rivets shall be included in the computed

weight.

The weights of castings shall be computed from the dimensions shown on the

approved shop drawings, with 10 per cent, added for fillets and overrun.
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Weight per Cubic Inch

704. The weight of steel shall be assumed as 0.2833 pound per cubic inch.

The weight of cast iron shall be assumed as 0.2604 pound per cubic inch.

Weighing
705. The finished work shall be weighed in the presence of the Inspector if prac-

ticable. The Contractor shall furnish suitable scales and handle the material for

weighing.

Marking and Shipping

706. Erection marks shall be painted on the members. The weight shall be marked

on members weighing more than 10 tons.

Rivets and bolts shall be in separate packages according to length and diameter.

Loose nuts and washers shall be in separate packages according to size. Pins, other

small parts, and packages of rivets, bolts, nuts, and washers shall be shipped in boxes,

crates, kegs, or barrels, none of which exceeds 300 pounds gross weight. On the outside

of each container shall be marked plainly a list and description of the material therein.

Loading Long Girders

707. Long girders shall be so loaded and marked that they may be delivered at

the bridge site in position for erection without turning. Instructions for such delivery

shall be given to the receiving carrier.

Shipment of Anchorage Material

708. Anchor bolts, washers, and other anchorage or grillage materials to be built

into the masonry shall be shipped in time therefor.

PART II—MATERIALS
SECTION 8—STRUCTURAL AND RIVET STEEL

The requirements for Structural and Rivet Steel in these Specifications are identical with the

requirements for the same materials in A.S.T.M. Standards, Serial A7-34 and Serial A141-33

Process

801. Structural and rivet steel shall be made by either or both of the following

processes: open-hearth or electric-furnace.

Chemical Composition
802. The steel shall conform to the following requirements as to chemical com-

position:

Structural Steel Rivet Steel

Phosphorus, per cent.

Acid not over 0.06 not over 0.06

Basic " " 0.04 " " 0.04

Sulphur, per cent " " 0.05 " " 0.04S

Copper, when copper-bearing steel is specified, per cent not under 0.20 not under 0.20

Ladle Analyses

803. An analysis of each melt of steel shall be made by the manufacturer to deter-

mine the percentages of carbon, manganese, phosphorus, and sulphur; also copper when

copper-bearing steel is specified. This analysis shall be made from a test ingot taken

during the pouring of the melt. The chemical composition thus determined shall be

reported to the Engineer, and if it does not conform to the requirements of Article 802,

the melt shall be rejected.
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Check Analyses

804. Analyses may be made by the Engineer from finished material representing

each melt. If the phosphorus and sulphur content thus determined exceeds that specified

in Article 802 by more than 25 per cent., the melt shall be rejected.

Rolled Base Plates

805. Rolled base plates over 2 inches in thickness, for bearing purposes, shall be of

steel containing 0.20 to 0.35 per cent, carbon. The chemical composition shall conform

to the requirements of Article 802. A discard shall be made from each ingot sufiicient

to secure sound plates. Physical tests will not be required.

Physical Properties

806. The steel, other than the forms described in Articles 805 and 807, shall conform

to the following requirements as to physical properties, except as specified in Articles

808 and 809:

Properties Considered Structural Steel Rivet Steel

Tensile strength, lb. per sq. in 60,000-72,000 52,000-62,000

Yield point, minimum, lb. per sq. in 0.5 tens. str. 0.5 tens. str.

but in no case less than 33,000 28,000

„,,..„. . . ^ 1,500,000 1,500,000
Elongation m 8 m., mmimum, per cent

tens. str. tens. str.

Elongation in 2 in., minimum per cent 22

807. Tension tests will not be required for flat rolled steel 3/16 in. and under in

thickness, shapes less than 1 sq. in. in section, and bars, other than flats, less than ^ inch

in thickness or diameter.

808. In order to meet the requirements of Article 604 for the physical properties

of full-size annealed eye-bars, the manufacturer of the eye-bars shall determine the

physical properties required for the specimen tests. The steel shall conform to the

requirements of Articles 806, 809, and 812 as to physical properties other than tensile

strength.

Modification in Elongation

809. For structural steel over 54 in. in thickness or diameter, or under S/16 in. thick,

deductions from the percentage of elongation in 8 in. specified in Article 806 shall be

made as follows:

Over % in., deduct 0.25 per cent, for each 1/32 in. over ^ in., to a minimum elonga-

tion of 18 per cent.

Under 5/16 in., deduct 1.25 per cent, for each 1/32 in. under 5/16 in.

Yield Point

810. The yield point shall be determined by the drop of the beam or the halt in

the gage of the testing machine.

Speed of Testing Machine

811. The cross-head speed of the testing machine shall be such that the beam can

be kept balanced, but in no case shall the values given in the following table be exceeded:
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Maximum Cross-head Speed (inches per minute)
Gage Length of in determining

:

Specimen Yield Point Tensile Strength

2 in O.S 2.0

8 in 2.0 6.0

Bend Tests

812. The test specimens for structural steel shall be bent cold through 180 degrees

around a pin, the diameter of which is in the following ratio to the thickness of the

specimen:

Thickness of Material Ratio

Up to J4 in-> inclusive J/^

Over ^ to 1 in., inclusive 1

Over 1 to iy2 in., inclusive 1^
Over ll4 to 2 in., inclusive 2J/2

Over 2 in 3

If there is any cracking on the outside of the bent portion, the melt shall be rejected.

813. The test specimens for rivet bars shall be bent cold through 180 degrees flat

If there is any cracking on the outside of the bent portion, the melt shall be rejected.

Test Specimens

814. Test specimens shall be prepared from the material in its rolled or forged con-

dition except as specified in Article 815.

815. Test specimens for annealed material, except eye-bars, shall be prepared from

the material as annealed for use, or from a short length of a full section similarly treated.

Tension and bend test specimens for rivet bars that have been cold drawn shall be

normalized before testing.

816. Test specimens shall be so taken that the axis coincides with the direction of

rolling and, except as specified in Articles 817 and 818, shall be of the full thickness or

diameter of the material as rolled.

Test specimens for plates, shapes, and flats may be machined to the form and dimen-

sions shown in Fig. 4, or with both edges parallel.

I

I
ParallelSecNony \

\not/essflraf79J^
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817. Tension test specimens for material over IJ/2 inches in thickness or diameter,

except pins and rollers, may be machined to a thickness or diameter of not less than

54 inch for a length of not less than 9 inches, or they may conform to the dimensions

shown in Fig. 5.

Radius not less l< 2z"- ->l

t-hanf.
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that specified. The thickness and weight of rectangular sheared plates and of rectangular

universal mill plates over 36 inches in width shall be governed by the following per-

missible variations:

(a) When ordered to thickness, the thickness of each plate shall not vary more

than 0.01 inch under that ordered. The overweight of each lot of plates in

each shipment shall not exceed the amount given in Table II. The term "lot"

as apphed to Table II means all of the plates of each group width and group

thickness.

(b) Plates over 2 in. in thickness shall conform to the permissible variations over

the ordered thickness given in Table III. The thickness of each plate shall not

vary more than 0.01 in. under that ordered.

Steel is assumed to weigh 0.2833 lb. per cu. in.

Permissible Variations in Diameter

825. The diameter of rivet bars shall not differ from the size ordered more than

the amount given in the following table:

Diameter Difference in inches
* Over Under

Up to and including J^ inch 0.007 0.007

Over J4, up to and including 1 inch 0.010 0.010

Over 1, up to and including 2 inches 1/32 1/64

Identification Marks

826. The name or brand of the manufacturer and the melt number shall be stamped

or rolled legibly on the finished material, except that rivet bars, lacing bars, and other

small sections shall be made into bundles and the bundles marked for identification.

These identification marks shall be stamped legibly on one end of each pin and roller.

The melt number shall be marked legibly, by stamping if practicable, on each test

specimen.

Inspection

827. The Inspector shall be allowed free access, while work on the contract of the

Company is in progress, to the parts of the works used in the manufacture of the mate-

rial ordered. The manufacturer shall, without charge, afford the Inspector facilities for

making the inspection and furnish the test specimens required, and the testing machines,

tools, and labor necessary to make the tests.

Inspections and tests (except check analyses) shall be made at the place of manu-

facture before shipment, unless otherwise specified, and shall be so conducted as not to

interfere unnecessarily with the operation of the works.

Rejection

828. Unless otherwise agreed, any rejection based on check analyses shall be re-

ported within five working days from the receipt of the samples.

Specimens representing material rejected as the result of check analyses, shall be

preserved for two weeks from the date of the report. In case of dissatisfaction with the

result, the manufacturer shall be allowed a rehearing within that time.

Material in which any injurious defect is found after its acceptance at the works

will be rejected and the manufacturer so notified.
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SECTION 9—STRUCTURAL SILICON STEEL

The requirements for Structural Silicon Steel in these Specifications are identical with the

requirements for the same material in A.S.T.M. Standards, Serial A94-33

Process

901. Structural silicon steel shall be made by either or both of the following

processes: open-hearth or electric-furnace.

Discard

902. A discard shall be made from each ingot sufficient to secure freedom from

injurious piping and undue segregation.

Chemical Composition

903. The steel shall conform to the following requirements as to chemical compo-

sition :

Ladle Analyses Check Analyses

Carbon, per cent Not over 0.40 Not over 0.44

Phosphorus, per cent.

Add " " 0.06 " " 0.07S

Basic " " 0.04 " " O.OS

Sulphur, per cent " " 0.05 " " 0.063

Silicon, per cent Not under 0.20 Not under 0.18

Ladle Analyses

904. An analysis of each melt of steel shall be made by the manufacturer to deter-

mine the percentages of carbon, manganese, phosphorus, sulphur, and silicon. The

analysis shall be made from a test ingot taken during the pouring of the melt. The

chemical composition thus determined shall be reported to the Engineer, and if the per-

centages of carbon, phosphorus, sulphur and silicon do not conform to the requirements

of Article 903 for ladle analyses, the melt shall be rejected.

Check Analyses

905. Analyses may be made by the Engineer from finished material representing

each melt. If the chemical composition thus determined does not conform to the require-

ments of Article 903 for check analyses, the melt shall be rejected.

Physical Properties

906. The steel shall conform to the following requirements as to physical properties,

except as specified in Article 907:

Tensile strength, lb. per sq. in 80,000 to 95,000

Yield point, min., lb. per sq. in 45,000

r-i i- • o • •
1. 1,500.000

Elongation m 8 in., mm., per cent —

:

tens. str.

Elongation m 2 m., min., per cent —1,600,000

tens. str.

Reduction of area, min., per cent 30

Modification in Ductility

907. For structural silicon steel over % inch thick, deductions from the percentages

of elongation and reduction of area specified in Article 906, shall be made as follows:
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38 Structural Silicon Steel

A deduction of 0.25 per cent, from the elongation in 8 inches for each 1/16 inch above

^ inch, to a minimum elongation of 14 per cent.

A deduction of 0.50 per cent, from the reduction of area for each 1/16 inch above

^ inch, to a minimum reduction of area of 24 per cent.

Yield Point

908. The yield point shall be determined by the drop of the beam or the halt in

the gage of the testing machine when operated at a cross-head speed not exceeding J4 in.

per minute. The testing machine shall not be stopped to obtain the drop of the beam

or the halt in the gage.

Bend Tests

909. Test specimens shall be bent cold through 180 degrees around a pin, the diam-

eter of which is in the following ratio to the thickness of the specimen:

Thickness of Material Ratio

Up to ^ in. inclusive 1

Over ^ to 1 in. inclusive IJ^
Over 1 to 1J4 i"- inclusive 2

Over lli 2l4

If there is any cracking on the outside of the bent portion, the melt shall be rejected.

Test Specimens
910. Test specimens shall be prepared from the material in its rolled or forged con-

dition except as specified in Article 911.

911. Test specimens for annealed material shall be prepared from the material as

annealed for use, or from a short length of a full section similarly treated.

912. Test specimens shall be so taken that the axis coincides with the direction of

rolling and, except as specified in Article 913, shall be of the full thickness or diameter

of the material as rolled.

Test specimens for plates, shapes, and flats may be machined to the form and dimen-

sions shown in Fig. 4, Article 816, or with both edges parallel.

913. Tension test specimens for material over IJ^ in. in thickness or diameter may
be machined to a thickness or diameter of not less than ^4 inch for a length of not less

than 9 inches.

Bend test specimens for material over 1J4 inches in thickness or diameter may be

machined to a thickness or diameter of not less than ^4 inch or to a section 1 inch by

^2 inch.

914. The machined edges of rectangular bend test specimens may have the corners

rounded to a radius of not over 1/16 inch.

Number of Tests

915. Two tension tests and one bend test shall be made from each melt, except

that if the material rolled from one melt varies ^ inch or more in thickness, one tension

and one bend test shall be made from both the thickest and the thinnest material.

916. If a test specimen shows defective machining or develops flaws, it may be

discarded and another specimen substituted.

Retests

917. A retest shall be allowed if the percentage of elongation of any specimen is

less than that specified in Article 906, and if, in addition, any part of the fracture is out-

side the middle third of the gage length as indicated by scribe marks made on the

specimen before testing.
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Permissible Variations in Weight and Thickness

918. The section or weight of each piece of steel shall not differ more than 2.S per

cent, from that specified except in the case of sheared plates, which shall be governed

by the requirements of Article 824 for rectangular sheared plates.

Finish

919. The finished material shall be free from injurious defects. The finish shall

be workmanhke.

Identification Marks
920. The name or brand of the manufacturer and the melt number shall be stamped

or rolled legibly on the finished material. The melt number shall be marked legibly,

by stamping if practicable, on each test specimen.

Inspection

921. The Inspector shall be allowed free access, while work on the contract of the

Company is in progress, to the parts of the works used in the manufacture of the mate-

rial ordered. The manufacturer shall, without charge, afford the Inspector faciUties for

making the inspection and furnish the test specimens required, and the testing machines,

tools, and labor necessary to make the tests.

Inspections and tests (except check analyses) shall be made at the place of manu-

facture before shipment, unless otherwise specified, and shall be so conducted as not to

interfere unnecessarily with the operation of the works.

Rejection

922. Unless otherwise agreed, any rejection based on check analyses shall be re-

ported within five working days from the receipt of the samples.

Specimens representing material rejected as the result of check analyses, shall be

preserved for two weeks from the date of the report. In case of dissatisfaction with the

result, the manufacturer shall be allowed a rehearing within that time.

Material in which any injurious defect is found after its acceptance at the works

will be rejected and the manufacturer so notified.

SECTION 10—STRUCTURAL NICKEL STEEL

The requirements for Structural Nickel Steel in these Specifications are identical with the
requirements for the same material in A.S.T.M. Standards, Serial A8-29

Process

1001. Structural nickel steel shall be made by either or both of the following

processes: open-hearth or electric-furnace.

Discard

1002. A discard shall be made from each ingot intended for eye-bars sufQcient to

secure freedom from injurious piping and undue segregation.

Chemical Composition

1003. The steel shall conform to the following requirements as to chemical com-

position:

Carbon, per cent Not over 0.45

Manganese, per cent " " 0.70

Phosphorus, pr cent.

Acid " " O.OS

Basic " " 0.04

Sulphur, per cent " " O.OS

Nickel, per cent Not under 3.25
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Ladle Analyses

1004. An analysis of each melt of steel shall be made by the manufacturer to deter-

mine the percentages of carbon, manganese, phosphorus, sulphur, and nickel. This analy-

sis shall be made from a test ingot taken during the pouring of the melt. The chemical

composition thus determined shall be reported to the Engineer, and if it does not con-

form to the requirements of Article 1003, the melt shall be rejected.

Check Analyses

1005. Analyses may be made by the Engineer from finished material representing

each melt. If the chemical composition thus determined does not conform to the re-

quirements of Article 1003, the melt shall be rejected.

Physical Properties

1006. The steel shall conform to the following requirements as to physical proper-

ties, except as specified in Articles 1007 and 1008:

Eye-bar Flats Eye-bar Flats

Plates, Shapes and Rollers, and Pins,

Properties Considered and Bars Unannealed Annealed

Tensile strength, lb. per sq. in 85,000-100,000 95,000-110,000 90,000-105,000

Yield point, min., lb. per sq. in 50,000 55,000 52,000

^, ^. . „ . . . 1,500,000 1,500,000 -„
Elongation m 8 m., mm., per cent -^ . —

^

20
tens. str. tens. str.

Elongation in 2 in., min., per cent 18 16 20

Reduction of area, min., per cent 25 25 35

Tests of annealed specimens of eye-bar flats shall be made for information only.

The elongation of pins and rollers shall be measured in 2 inches.

Tests of Eye-Bars
1007. Full-size tests of annealed eye-bars shall conform to the following require-

ments as to physical properties:

Tensile strength, lb. per sq. in 85,000 to 100,000

Yield point, min., lb. per sq in 48,000

Elongation in 18 ft., min., per cent 10

Reduction of area, mm., per cent 30

Modification in Elongation

1008. For plates, shapes, and unannealed bars over 1 inch in thickness, a deduction

of 0.25 per cent, from the percentage of elongation in 8 in. specified in Article 1006, shall

be made for each 1/32 inch in thickness above 1 inch to a minimum elongation of 14 per

cent.

Yield Point

1009. The yield point for test specimens shall be determined by the drop of the

beam or the halt in the gage of the testing machine; for full-size eye-bars by the halt

in the gage.

Speed of Testing Machine
1010. The cross-head speed of the testing machine, for specimen tests, shall be such

that the beam of the machine can be kept balanced, but in no case shall the values given

in the following table be exceeded:
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Maximum Cross-head Speed (inches per minute)

Gage Length of in determining :

Specimen Yield Point Tensile Strength

2 in OS 2.0

Sin 2.0 6.0

Character of Fracture

1011. The appearance at the surface of the fracture of broken tension test speci-

mens shall be either silky or finely granular, of uniform color, and free from coarse

crystab.

Bend Tests

1012. Test specimens shall be bent cold through 180 degrees as follows:

(a) For material ^ inch or less in thickness, around a pin the diameter

of which is equal to the thickness of the specimen.

(b) For material more than % inch in thickness, around a pin the diam-

eter of which is equal to twice the thickness of the specimen.

If there is any cracking on the outside of the bent portion, the melt shall be rejected.

Drift Tests

1013. Punched rivet holes with their centers two diameters from a planed edge

shall be enlarged by drifting until the diameter is increased 50 per cent. If there is any

cracking of the metal, the melt shall be rejected.

Test Specimens
1014. Specimens shall be prepared for testing from the material in its rolled or

forged condition except as specified in Article 1015.

1015. Test specimens for annealed material, except eye-bars, shall be prepared from

the material as annealed for use, or from a short length of a full section similarly treated.

1016. Test specimens shall be so taken that the longitudinal axis coincides with the

direction of rolling and, except as specified in Articles 1017 and 1018, shall be of the full

thickness or diameter of the material as rolled.

Test specimens for plates, shapes, and flats may be machined to the form and dimen-

sions shown in Fig. 4, Article 816, or with both edges parallel.

1017. Tension test specimens for material over ly^ inches in thickness or diameter,

except pins and rollers, may be machined to a thickness or diameter of not less than

54 inch for a length of not less than 9 inches, or they may conform to the dimensions

shown in Fig. S, Article 817.

Bend test specimens for material over 1]/^ inches in thickness or diameter, except

eye-bar flats, pins, and rollers, may be machined to a thickness or diameter of not less

than ^ inch or to a section 1 inch by ^ inch.

1018. Tension test specimens for pins and rollers shall conform to the dimensions

shown in Fig. 5, Article 817, and bend test specimens shall be 1 inch by y^ inch in section.

Test specimens for pins and rollers shall be so taken that the axis is one inch from

the surface.

1019. The machined edges of rectangular bend test specimens may have the corners

rounded to a radius of not over 1/16 inch.

Number of Tests

1020. One tension and one bend test shall be made from each melt, except that if

the material rolled from one melt varies }/s inch or more in thickness, both the thickest

and the thinnest material shall be so tested.
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1021. If a test specimen shows defective machining or develops flaws, it may be

discarded and another specimen substituted.

Retests

1022. A retest shall be allowed if the percentage of elongation of any specimen is

less than that specified in Article 1006 and if, in addition, any part of the fracture of a

2-inch specimen is more than % inch from the center of the gage length or, of an 8-inch

specimen is outside the middle third of the gage length as indicated by scribe marks

made on the specimen before testing.

Finish

1023. The finished material shall be free from injurious defects. The finish shall be

workmanlike.

Permissible Variations in Weight and Thickness

1024. The permissible variation in weight of structural nickel steel plates shall be

the same as provided in Article 824 for structural steel plates.

Identification Marks
1025. The name or brand of the manufacturer and the melt number shall be

stamped or roUed legibly on the finished material, except that rivet bars, lacing bars, and

other small sections shall be made into bundles and the bundles marked for identification.

These identification marks shall be stamped legibly on one end of each pin and roller.

The melt number shall be marked legibly, by stamping if practicable, on each test

specimen.

Inspection

1026. The Inspector shall be allowed free access, while work on the contract of the

Company is in progress, to the parts of the works used in the manufacture of the mate-

rial ordered. The manufacturer shall, without charge, afford the Inspector facilities for

making the inspection and furnish the test specimens required, and the testing machines,

tools, and labor necessary to make the tests.

Inspections and tests (except check analyses) shall be made at the place of manu-

facture before shipment, unless otherwise specified, and shall be so conducted as not to

interfere unnecessarily with the operation of the works.

Rejection

1027. Unless otherwise agreed, any rejection based on check analyses shall be

reported within five working days from the receipt of the samples.

Specimens representing material rejected as the result of check analyses, shall be

preserved for two weeks from the date of the report. In case of dissatisfaction with the

result, the manufacturer shall be allowed a rehearing within that time.

Material in which any injurious defect is found after its acceptance at the works

will be rejected and the manufacturer so notified.

SECTION 11—STEEL FORGINGS

The requirements for steel for forgings in these Specifications are identical with the requirements for

the same materials in A.S.T.M. Standards, Serial A18-30, Class C, except for Yield Point.

Process

1101. Steel for forgings shall be made by either or both of the following processes:

open-hearth or electric-furnace.
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Discard

1102. A discard shall be made from each ingot sufficient to secure freedom from

injurious piping and undue segregation.

Prolongations for Tests

1103. Unless otherwise specified, not less than 20 per cent, of the forgings shall be

provided with prolongations for test purposes or, at the manufacturer's option and

expense, a forging may be selected.

Annealing

1104. Forgings shall be annealed. The procedure in annealing shall be as follows:

Allow the objects, immediately after forging, to cool to a temperature

below the critical range under suitable conditions to prevent injury by

too rapid cooling; then reheat uniformly to the proper temperature to

refine the grain (a group thus reheated being known as an annealing

charge) and allow to cool uniformly.

Chemical Composition

1105. The steel shall conform to the following requirements as to chemical com-

position:

Manganese, per cent 0.40-0.80

Phosphorus, per cent.

Acid Not over O.OS

Basic Not over O.OS

Sulphur, per cent Not over O.OS

Ladle Analyses

1106. An analysis of each melt of steel shall be made by the manufacturer to deter-

mine the percentages of carbon, manganese, phosphorus, and sulphur. This analysis shall

be made from a test ingot taken during the pouring of the melt. The chemical com-

position thus determined shall be reported to the Engineer, and if it does not conform

to the requirements of Article 1105, the melt shall be rejected.

Check Analyses

1107. An analysis may be made by the Engineer from a forging representing each

melt. The chemical composition thus determined shall conform to the requirements of

Article 1105. Drillings for analysis may be taken from the forgings or from a full-size

prolongation thereof, at any point midway between the center and the surface of solid

forgings, and at any point midway between the inner and the outer surfaces of the wall

of bored forgings; or turnings may be taken from a test specimen.

Physical Properties

1108. The forgings shall conform to the following requirements as to physical

properties:

Tensile strength, minimum, lb. per sq. in 60,000

Yield point, minimum, lb. per sq. in O.S tens. str.

but not less than 33,000

Elongation in 2 in., minimum, per cent.:

Not over 12 in. diam
1,700,000

but not under 25
tens. str.

Over 12 in. to 20 in. diam., incl
1,600,000

^^^^ ^^^^ ^^^^^ 24
tens. str.
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Reduction of area, min., per cent.:

Not over 12 in. diam 2.700,000
^^^ ^^^ ^^^^^ ^g

tens. str.

Over 12 in. to 20 in. diam., incl
2,520,000

^^^ ^^^ ^^^^^ ^^
tens. str.

The classification of the forgings as to size shall be determined by the specified

diameter or thickness which governs the size of the prolongation from which the test

specimen is taken.

Yield Point

1109. The yield point shall be determined by the drop of the beam or the halt

in the gage of the testing machine. The speed of the machine shall conform to the re-

quirements of Article 811.

Tests of forgings shall be made only after the final treatment.

Tension Test Specimens

1110. Tension test specimens shall be taken from a full-size prolongation of the

forging. For forgings with large ends or collars the prolongation may be of the same

cross-section as that of the forging back of the large end or collar. Specimens may be

taken from the forging itself with a hollow drill, if approved by the Engineer.

The axis of the specimen may be located at any point midway between the center

and the surface of solid forgings, and at any point midway between the inner and the

outer surfaces of the wall of bored forgings, and shall be parallel to the direction in

which the metal of the forging is most drawn out.

The specimens shall conform to the dimensions shown in Fig. 5, Article 817.

Number of Tests

1111. Tests shall be made as follows:

One tension test shall be made from each annealing charge. If more than one melt

is represented in an annealing charge one tension test shall be made from each melt.

If any test specimen shows defective machining or develops flaws, it may be dis-

carded and another specimen substituted.

Retests

1112. A retest shall be allowed if the percentage of elongation of any specimen is

less than that specified in Article 1108 and if, in addition, any part of the fracture is more

than 54 ii^ch from the center of the gage length, as indicated by scribe marks made on

the specimen before testing.

If the results of the physical tests of any test lot of forgings do not conform to the

requirements specified, the manufacturer may re-anneal such lot one or more times and

retests shall be made as specified in Article 1111.

Finish

1113. The forgings shall be free from injurious defects. The finish shall be work-

manlike.

Identification Marks
1114. Identification marks shall be stamped legibly on each forging and on each

test specimen.
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Inspection

1115. The Inspector shall be allowed free access, while work on the contract of the

Company is in progress, to the parts of the works used in the manufacture of the mate-

rial ordered. The manufacturer shall, without charge, afford the Inspector facilities for

making the inspection and furnish the test specimens required, and the testing machines,

tools, and labor necessary to make the tests.

Inspections and tests (except check analyses) shall be made at the place of manu-
facture before shipment, unless otherwise specified, and shall be so conducted as not to

interfere unnecessarily with the operation of the works.

Rejection

1116. Unless otherwise agreed, any rejection based on check analyses shall be re-

ported within five working days from the receipt of the samples.

Specimens representing material rejected as the result of check analyses, shall be

preserved for two weeks from the date of the report. In case of dissatisfaction with the

result, the manufacturer shall be allowed a rehearing within that time.

Material in which any injurious defect is found after its acceptance at the works

will be rejected and the manufacturer so notified.

SECTION 12—CAST STEEL

The requirements for Steel Castings in these specifications are identical with the requirements for the same
material in A.S.T.M. Standards, Serial A154-33T, Class B, Regular, except for Yield Point.

Process

1201. Cast steel shall be made by one or more of the following processes: Open-

hearth, electric-furnace, converter, or crucible.

Annealing

1202. Castings shall be annealed. The procedure in annealing shall be as follows:

Allow the castings to cool, after pouring, to a temperature below the

critical range, then reheat to the proper temperature and for the re-

quired time, to refine the grain, and allow to cool slowly in the furnace

until the pyrometer shows that the furnace temperature has fallen to

500° Fahr. The furnace temperature shall be controlled effectively with

pyrometers.

Chemical and Physical Properties

1203. Test specimens of cast steel shall conform to the following requirements as

to chemical composition and physical properties:

Phosphorus, maximum, per cent O.OS

Manganese, per cent 0.50 to 1 .00

Silicon, per cent 0.20 to 0.75

Sulphur, maximum, per cent 0.06

Tensile strength, minimum, lb. per sq. in 70,000

Yield point, minimum, lb. per sq. in 33,000
Elongation in 2 inches, minimum, per cent 24
Reduction of area, minimum, per cent 36

Ladle Analyses

1204. An analysis of each melt of steel shall be made by the manufacturer to deter-

mine the percentages of carbon, manganese, silicon, phosphorus, and sulphur. This anal-

ysis shall be made from drillings taken at least % inch beneath the surface of a test ingot
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obtained during the pouring of the melt. The chemical composition thus determined shall

be reported to the Engineer and if it does not conform to the requirements of Article

1203, the melt shall be rejected.

Check Analyses

1205. Check analyses may be made by the Engineer from a broken tension test

specimen or from a casting representing each melt. The chemical composition thus

determined shall conform to the requirements of Article 1203. Drillings for analysis

shall be taken not less than J4 i^^ch beneath the surface.

Yield Point

1206. The yield point shall be determined by the drop of the beam or the halt in

the gage of the testing machine at a cross-head speed not exceeding }/& inch per minute.

The tensile strength shall be determined at a cross-head speed not exceeding V/i inch per

minute.

See Footnote.

Test Specimens
1208. Tension test specimens shall be taken from test bars cast attached to the

castings where practicable. If, in the judgment of the manufacturer, the design of the

castings is such that test bars attached directly to the castings might affect the castings

or the test specimens injuriously, the test bars shall be cast attached to special blocks.

Test bars from which tension test specimens are to be taken shall remain attached to

the castings or blocks through annealing and until presented for inspection. Test bars

shall be provided in sufficient numbers to furnish the tests required in Article 1211.

1209. Tension test specimens shall conform to the dimensions shown in Fig. S,

Article 817.

See Footnote.

Number of Tests

1211. One tension test shall be made from each melt in each annealing charge and,

when specified, from each casting weighing 500 pounds or more.

1212. If any test specimen shows defective machining or develops flaws, it may be

discarded and another specimen from the same lot substituted.

Retests

1213. A retest shall be allowed if the percentage of elongation of any specimen is

less than that specified in Article 1203 and if, in addition, any part of the fracture is more

than ^ inch from the center of the gage length, as indicated by scribe marks made on

the specimen before testing.

1214. If the results of the physical tests of any lot do not conform to the require-

ments, the manufacturer may re-anneal such lot not more than twice and retests shall

be made as specified in Article 1211.

Workmanship and Finish at Foundry
1215. The castings shall conform substantially to the drawings and shall be made

in a workmanlike manner. The castings shall be free from injurious defects.

Identification Marks
1216. The name or brand of the manufacturer and the melt number shall be stamped

legibly on the finished castings. The melt number shall be marked legibly, by stamping

if practicable, on each test specimen.

Note.—There are no articles numbered 1207 or 1210.
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Inspection

1217. The Inspector shall be allowed free access, while work on the contract of the

Company is in progress, to the parts of the works used in the manufacture of the mate-

rial ordered. The manufacturer shall, without charge, afford the Inspector facilities for

making the inspection and furnish the test specimens required, and the testing machines,

tools, and labor necessary to make the tests.

Inspections and tests (except check analyses) shall be made at the place of manu-

facture before shipment, unless otherwise specified, and shall be so conducted as not to

interfere unnecessarily with the operation of the works.

Rejection

1218. Unless otherwise agreed, any rejection based on check analyses shall be re-

ported within five working days from the receipt of the samples.

Specimens representing material rejected as the result of check analyses shall be

preserved for two weeks from the date of the report. In case of dissatisfaction with the

result, the manufacturer shall be allowed a rehearing within that time.

Material in which any injurious defect is found after its acceptance at the works

will be rejected and the manufacturer so notified.

SECTION 13—CAST IRON
Process

1301. Cast iron shall be gray iron made by the cupola process.

Finish

1302. Castings shall be true to pattern and free from excessive shrinkage. They

shall be free from cracks, cold shuts, blow holes, and other flaws.

Chemical Composition

1303. The sulphur content of cast iron shall not exceed:

For light castings 0.10 per cent.

For medium castings 0.10 per cent.

For heavy castings 0.12 per cent.

Drillings taken from the fractured ends of the transverse test bars shall be used for

the sulphur determinations. One determination shall be made from each of the two sets

of test bars representing a melt.

Classification

1304. Castings shall be classified as light, medium, and heavy.

(a) Light castings are those with any section less than J^ inch thick.

(b) Heavy castings are those with no section less than two inches thick.

(c) Medium castings are those not included in either of the classes (a)

or (b).

Test Bars

1305. Transverse tests shall be made on the "Arbitration Test Bar" of the Amer-

ican Society for Testing Materials, Serial A-1 24-29.

Two sets of two bars each shall be made from each melt, one set from the first iron

poured and the other set from the last iron poured. If the melt exceeds 20 tons, an

additional set of two bars shall be cast from each additional 20 tons or fraction thereof.

Each set of two bars shall be cast in a single mold.
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Transverse Tests

1306. A transverse test of each bar shall be made. The bar shall be placed on sup-

ports spaced 18 inches apart and a load applied at the center.

The application of the load shall be at a rate that will produce a central deflection

of 0.10 inch in from 20 to 40 seconds.

One bar of each set shall conform to the following minimum requirements, otherwise

the melt shall be rejected:

Class of Casting
Light Medium Heavy

Load at center, pounds 1,500 1,750 2,000

Deflection at center, inch 0.20 0.20 0.20

Inspection

1307. The Inspector shall be allowed free access, while work on the contract of the

Company is in progress, to the parts of the works used in the manufacture of the mate-

rial ordered. The manufacturer shall, without charge, afford the Inspector facilities for

making the inspection and furnish the test specimens required, and the testing machines,

tools, and labor necessary to make the tests.

Inspections and tests (except check analyses)' shall be made at the place of manu-

facture before shipment, unless otherwise specified, and shall be so conducted as not to

interfere unnecessarily with the operation of the works.

PART III—ALLOY STEELS
Foreword

In issuing specifications for using alloy steels in railway bridges, the Committee

deems it desirable to present in a Foreword thereto certain information, not appropriate

as specification clauses but worthy of consideration when the use of an alloy steel is

contemplated.

1. Nickel and silicon steels both have been used in important railway and highway

bridges and have proved satisfactory. Other alloy steels have been used successfully.

2. Silicon steel can be obtained from practically all structural and plate mills, even

in moderate tonnages if not ordered in too great a variety of sections. Nickel steel can

be had by special arrangements with the mill and in larger tonnages; other alloys only

by negotiation with the mills.

3. It is customary to use carbon steel rivets in fabricating alloy steels, the rivet

values being based on the carbon rivet. In rare instances alloy steel rivets have been

used with alloy steels. Studies are now going forward in the American Society for

Testing Materials to develop specifications for rivet steels of strength suitable for eco-

nomical use with alloy steels.

4. The modulus of elasticity is the same for the alloy steels as for carbon steel.

5. Short spans can be constructed most economically of carbon steel.

6. As span lengths increase and the influence of dead load becomes preponderant,

a span of equal cost as between carbon steel and part alloy steel will be reached, but of

two spans of equal cost in place, the heavier one (carbon steel) is the better purchase,

for reasons of rigidity and thickness of material (resistance to corrosion).

7. With increasing length of span, the economy in use of alloy steel will become

pronounced and the features of rigidity and resistance to corrosion will be amply pro-

tected in an alloy steel design. For such spans, and unless there is extreme need for

reducins the dead load, the floor systems should be of carbon steel.
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8. Nickel and silicon steels are excellent bridge steels, but it must be remembered

that in every high-strength steel, whether high-carbon or alloy, some desirable property

must be encroached upon to secure the added strength. While such steels have ample

plastic action between yield point and ultimate strength, it is not as great as for carbon

steel. While they have excellent ductiUty and bending properties, those properties are

not quite so good as in carbon steel. Therefore, when such steels are used some effort

should be made to compensate in the design and details for these differences. For that

reason, the allowable unit stresses in these specifications are a somewhat smaller fraction

of the specified yield point than those for carbon steel and slightly greater edge dis-

tances are desirable.

9. In considering other alloy steels as they are made available, tests should be made

to develop the effect of rivet holes and riveting, before determining the allowable unit

stresses. No steel should be considered satisfactory for bridge construction if its yield

point exceeds 70 per cent, of the ultimate strength,

SECTION 14—ALLOY STEELS

General

The term "Alloy Steel" means structural silicon steel or structural nickel steel.

The foregoing specifications shall apply to alloy steel parts of bridges except as pro-

vided otherwise herein.

Unit Stresses

Unit Stresses

1401. The allowable unit stresses to be used in proportioning the parts of a bridge

shall be as follows:

Pounds per Square Inch

Silicon Steel Nickel Steel

(a) Structural and Rivet Steel.

Axial tension, structural steel, net sec-

tion 24,000 27,000
Tension in extreme fibers of rolled

shapes, girders, and built sections,

subject to bending 24,000 27,000
Axial compression, gross section:

For stiffeners of plate girders 24,000 27,000

For columns centrally loaded and

with values of~ not greater than

130:

Riveted ends 20,000

Pin ends 20,000

/^ length of member, in inches

r= least radius of gyration of mem-
ber, in inches

For columns with values of —

greater than 130 and for columns
of known eccentricity, see Ap-
pendix A.
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Compression in extreme fibers of rolled

shapes, girders, and built sections,

subject to bending, gross section

/

(for values of -r" not greater than

Pounds per Square Inch
Silicon Steel Nickel Steel

/'

40) 24,000 — 6.67-— 27,000 — 7.50-—

I= length, in inches, of unsup-
ported flange between lateral

connections or knee braces.

b '= flange width, in inches.

Stress in extreme fibers of puis 36,000 40,000

Shear in plate girder webs, gross section 14,000 16,000

Shear m pins 18,000 20,000

Bearing on pins 32,000 36,000
Bearing on milled stiffeners and other

steel parts in contact 36,000 40,000

Rivets driven by pneumatically or
electrically operated hammers
are considered power-driven.

Bearing on rocker pins 16,000 18,000

Pounds per Linear Inch
Bearing on expansion rollers and rockers:

/>— 13,000
For diameters up to 25 inches —20"000 600d

j!)— 13,000 —
For diameters from 25 to 125 inches .. —-n noo

— 3,000 Va

d = diameter of roller or rocker,

in inches.

p = yield point in tension of the

steel in the roller or the base,

whichever is the lesser.

Thickness of Material

1402. Metal, except for fillers, shall be not less than % inch thick. Silicon steel

plates shall be not more than 1% inches thick and nickel steel plates not more than

1 inch.

In compression members consisting of segments connected by cover plates or lacing,

or segments connected by webs, the thickness of the webs of the segments shall be not

less than 1/28 of the unsupported distance between the nearest rivet lines. The thick-

ness of the cover plates or webs connecting the segments shall be not less than 1/36 of

the unsupported distance between the nearest lines of their connecting rivets or the roots

of their rolled flanges.

The thickness of the webs of plate girders shall be not less than 1/145 for silicon

steel and 1/140 for nickel steel, of the clear distance between flange angles or side plates.

1402a. If the depth of the web between flanges or side plates of a plate girder

exceeds 50 times its thickness, it shall be stiffened by pairs of angles riveted to the web

in accordance with the requirements of Article 433.

Sizes of Rivets

1403. The diameter of rivets in main members preferably shall be not less than

1 inch.
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Lacing

1404. In compression members, the shearing stress normal to the member in the

plane of the lacing shall be that obtained by the following formula:

V= normal shearing stress.

P= allowable compressive axial load on member.
/= length of member, in inches.

r= radius of gyration of section about the axis perpendicular to plane of

lacing, in inches.

To the shear so determined shall be added any shear due to the weight of the mem-
ber or other forces, and the lacing proportioned for the combined shear.

Rivets

1406. Silicon steel and nickel steel shall not be used for rivets. Rivets preferably

shall be made of the rivet steel specified in Section 8. Other steels may be used for rivets

and bolts if specified by the Engineer.

Alloy and Structural Steels Combined

1407. In case the deformation of alloy steel elements of members or spans induces

stresses in other elements exceeding the allowable stresses for structural steel, such other

elements also shall be made of alloy steel. Otherwise, bracing and secondary truss mem-

bers generally shall be made of structural steel. Lacing, stay plates, diaphragms, stiffen-

ing angles, and other detail material except gussets and splice plates shall be made of

structural steel. For alloy steel elements, the workmanship shall be that specified for

alloy steel.

Secondary Stresses

1408. The design and details shall be such that secondary stresses will be as small

as practicable. Secondary stresses due to truss distortion or floor beam deflection usually

need not be considered in any member, the width of which, measured parallel to the

plane of distortion is less than one-tenth of its length. If the secondary stress exceeds

5,600 pounds per square inch for tension members and 4,200 for compression members,

the excess shall be treated as a primary stress.

Workmanship

Holes

1409. Alloy steeb shall be either drilled or sub-punched and reamed. Silicon steel

more than ^ inch thick and nickel steel more than 5^ inch thick shall be drilled. The

holes may be drilled 1/16 inch larger than the nominal diameter of the rivet or sub-drilled

and reamed to that size. Material of less thickness may be either drilled as specified

above, or else punched 3/16 inch smaller than the nominal diameter of the rivet and

reamed to the finished size.

Planing Sheared Edges

1410. Sheared edges of alloy steel shall be planed to a depth of ^ inch.
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COLUMN FORMULAS

The parabolic formulas for axial compression given in Articles 301 and 1401 fit the

values obtained by the secant formula so closely that they may be used without sub-

stantial error for slenderness ratios within the limits shown.

The corresponding secant formulas are:

For riveted ends, p =
0.751

1 + 0.25 Sec.-^^,

y

For pin ends. p =z

l + 0.25Sec.M751/jL^
2r y E

The coefficient 0.2S in the denominator is the eccentric ratio,—^. It provides for the
r

ordinary amount of crookedness and end eccentricity.

For columns centrally loaded, and having a slenderness ratio beyond the limit fixed

for the parabolic formulas, one of the secant formulas above should be used.

For columns with known eccentricity of loading, the following formulas should be

used for all slenderness ratios.

For riveted ends, p

For pin ends. p =

/ ec / \ 0.75 / / fp
l + ^TT + .OOl JSec.^^y'-f

y

[ ^
/ ec l\ 0.875/ / fp

l + (^+.001-jSec.-^^4/-^

p = allowable compressive unit stress.

/ = length of member, in inches.

r =r least radius of gyration of member, in inches.

c = distance from neutral axis to extreme iiber, in inches.

e = known eccentricity of applied load, in inches.

E = modulus of elasticity = 29,400,000.

y = yield point in tension:

33,000 for structural steel.

45,000 for silicon steel.

50,000 for nickel steel.

/ =: factor of safety based on yield point:

1.76 for structural steel.

1.80 for siUcon steel.

1.78 for nickel steel.
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Appendix B

(3) TESTS OF STEEL COLUMNS AND FORMULAS FOR DESIGN

J. B. Hunley, Chairman, Sub-Committee; A. W. Carpenter, Hardy Cross, Shortridge

Hardesty, Otis E. Hovey, P. B. Motley, F. E. Turneaure.

The recommendations of this Sub-Committee are incorporated in the Specifications

for Steel Railway Bridges (Appendix A). A discussion of the subject is also presented

in a monograph by Dean F. E. Turneaure, which accompanies the report of this Com-

mittee.

Appendix C

(4) METHODS OF STRENGTHENING EXISTING STRUCTURES

R. A. Van Ness, Chairman, Sub-Committee; J. Aston, A. J. Biihler, A. W. Carpenter,

C. H. Chapin, O. F. Dalstrom, F. A. Howard, W. S. Lacher, H. S. Loeffler, P. B.

Motley, A. Reichmann, H. T. Rights, C. S. Sheldon, C. E. Sloan, S. M. Smith,

H. B. Stuart, G. G. Thomas, G. H.. Trout, F. E. Bates.

GENERAL

1. The strengthening of existing bridges usually is occasioned by the necessity for

carrying heavier live loads than those for which they were designed. It sometimes may

be required al^o because of defective design (usually in the proportioning of details) or

by local deterioration resulting from brine dripping or other causes.

2. The decision as to whether a bridge should be strengthened or replaced must be

based on comparative estimates, taking into account the added length of life to be ob-

tained for the strengthened bridge with due regard to possible future increase in the live

load. In general, the strengthening of a span under traffic is undertaken only to increase

the strength of certain weak parts rather than to strengthen the span as a whole.

Physical Condition

3. The physical condition of the structure must be determined by field inspection.

The kind of metal of which the various members are made should be known, to-

gether with their physical and chemical properties. Usually this may be determined by

examining the original drawings, specifications, or test records, although in some cases

specimens of the metal must be taken from the structure.

Before the material is ordered for reinforcing, the sizes of the pins, dimensions of the

various members, and the rivet spacing, should be checked in the field to find out if they

conform to the plans.

Stresses

4. The unit stresses in the bridge, under the load for which it is to be reinforced,

should not exceed 85 per cent, of those permitted by the "Rules and Unit Stresses for

Rating Existing Bridges" in the Manual of the American Railway Engineering Associa-

tion. Stresses in details as well as those in main members should be computed.

In adding metal, account must be taken of the stresses which it is to carry. Unless

the dead load stress is removed temporarily from the member, or some means provided

to introduce an initial stress in the new metal when it is applied, it will carry live load

only and cannot be used to its full strength. Connections of adequate strength must be

provided for the added metal.
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Members on which work is to be done must be investigated for any decrease in

strength resulting from the temporary removal of rivets, cover plates, or other parts.

When compression members are being reinforced, lacing bars must be replaced before

allowing traffic over the bridge. In some cases falsework may be necessary.

Eccentricity

5. The sections must be balanced or else full account must be taken of the eccen-

tricity in members and the permissible stresses limited accordingly.

PLATE GIRDERS

6. Reinforcing may be required in practically any part of plate girders.

Stiffeners

7. The end stiffeners may be reinforced by adding angles or plates, grinding the

lower ends of the new parts to make them fit closely, or welding them to the flange

angles.

Flanges

8. The flanges may be reinforced in various ways. If the web was not originally

spliced for moment, it may be so spliced and considered effective in resisting moment.

The flange section may be increased by adding cover plates. If the exposed surfaces of

cover plates are rough or uneven from the effects of corrosion, new plates will not make

good contact with such surfaces. The new plates should be placed under the old p!ates

and extended out far enough to allow the corroded ends of the old plates to be cut off.

The plates may be fabricated in the shop, or else sub-punched in the shop and reamed in

the field. If it is impracticable to make accurate and complete measurements of the rivet

spacing, the holes may be drilled in the field. To avoid the necessity of falsework in

adding or replacing cover plates, the rivets may be backed out and replaced with bolts.

The plates may then be put in place and riveted in the intervals between trains.

Where the cost of the removal and replacement of the deck is excessive, as in a

ballasted deck bridge, the flange section may be increased by adding longitudinal angles

just below the flange angles, first cutting off the stiffener angles and then placing new

stiffeners between the outstanding legs of the old and the new angles.

Effective Span

9. If the bridge seat is wide, the effective span may be shortened somewhat by

moving the bearings nearer to the edge of the seat and providing new end stiffener angles

over them.

Welding

10. Fusion welding may be employed to supplement flange riveting by welding the

flange angles to the web, to secure good contact between the end stiffeners and the flange

angles, and to strengthen web splices.

Laterals

11. Inadequate lateral systems, especially those composed of rods or bars, should

be replaced with riveted laterals of the required strength and stiffness.

Doubling Up Girders

12. In strengthening deck plate girder bridges where there are several identical

spans, an economical method is to double up the spans, providing additional spans to
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complete the bridge; or to use three old girders in one span; or to add a new center

girder in each old span. When girders are so arranged, the spacing should be such as to

equalize the load on the girders, and to allow inspection, cleaning and painting of the

interior surfaces. An adequate system of laterals and cross frames must be provided.

FLOOR SYSTEMS

Stringers and Floor Beams

13. Stringer systems may be strengthened by adding cover plates to existing string-

ers, or by adding new stringers. The latter method is commonly used. The addition of

stringers may require the reinforcement of the floor beam. Additional stringers give

greater strength at the connections. Stringers so placed must be connected to the old

stringers so that they will deflect together. The spacing of the stringers should be such

as to allow inspection, cleaning and painting of the interior surfaces.

The webs of floor beams are likely to be over-stressed at the ends, especially in

pin-connected truss spans where the ends have been recessed to clear the pin-nuts and

eye-bars. This detail of the floor beams must be analyzed for both flange and web

stresses and adequate reinforcement provided.

End Connections

14. The end connection of a stringer sometimes may be strengthened by using

longer connecting angles and more rivets, by reaming out the holes and using larger

rivets, or by welding. Also, brackets may be placed under the ends of the stringers

to give additional support.

Cover Plates

15. When cover plates are added to built-up members, either floor beams or string-

ers, the flange riveting may be insufficient. This may be corrected by adding rivets,

substituting larger rivets, or by welding the edges of the flange angles to the web. The

flanges of floor beams may be reinforced by adding cover plates as already described

under Plate Girders.

If a floor beam or stringer has no cover plate it is possible to weld on plates instead

of riveting them. In general, on the top flange the new plate should be narrower, and

on the bottom flange wider, than the old flange, to allow down welding. If the cover

plate is too thin in proportion to its width to resist buckling, it may be stitch-welded

through holes properly located in the plate.

16. In open floor bridges where the ties rest directly on the flange angles, cover

plates may be required because of either insufficient original thickness of the angles or

loss of section from corrosion. In order to keep field drilling and riveting to a minimum,

the new plates should be relatively thick, and the rivets spaced close enough to prevent

local buckling in compression.

Initial Tension

17. Initial tension may be put in a new bottom cover plate by welding one end

of the plate to the flange angles and then heating the plate until it is expanded to some

predetermined length. The other end then should be welded and the plate allowed to

cool, after which the welding should be completed.

Substitution

18. Where extensive strengthening is to be done on a number of identical girder

spans, one new span may be provided and substituted for one of the spans which will
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then be removed and strengthened. Each span in turn will be replaced by a span that

has been taken out and strengthened in this manner, until the entire bridge has been

strengthened.

The same procedure may be followed in strengthening the system of stringers in

through bridges.

TRUSSES

Tension Members
19. The strengthening of trusses is more difficult than strengthening girders or floor

systems. The connections often determine the strength of the span. Tension members

often may be reinforced by the addition of adjustable bars. These may be of several

types, such as loop bars or single bars attached to a loop or forging that fits over and

bears on one-half of the pin. Care must be taken, however, to form the portion of the

bar or forging in contact with the pin so that full bearing will be secured. This is

generally accomplished by providing excess metal in this portion and boring for the pin

holes. Where a bar of uniform section is bent around a pin, the cross section is likely

to be reduced by the stretching of the bar and a narrowing of the outer edge, for which

allowance must be made. In order to reduce the vibration under load, bars should be

limited to a minimum size of about 1J4 inches square, even though less metal is needed

for the stress. Where pin room is limited, bars sometimes are placed over the heads

of existing eyebars, but this method gives doubtful results, because the edges of the eye-

bar heads are not finished to a true surface. This may be remedied by welding the new

bar to the eyebar head. Where additional bars would be too close to existing bars to

allow adjustment, greater clearance may be provided by means of castings bearing

against the existing bars. Adjustable bars may be made to take a part of the dead load

tension in reinforced members.

Compression Members

20. The reinforcement of compression members requires careful investigation. The

chord members of many old bridges are unsymmetrical in section and function as ec-

centrically loaded columns. This condition may be corrected by adding metal in the

proper location. A small amount of metal placed in this way often will increase the

rating of the member considerably.

21. The reinforcement of compression members requiring substantial increases in

the sectional area calls for special analysis, the solution depending on the type of section,

the details at or near the pins, and other conditions. Metal sometimes may be added

to the cover plate, usually between the existing lines of rivets. This must be balanced by

placing additional metal on the lower flanges in the manner described in the preceding

paragraph. Side plates may be added to the existing plates between the upper and the

lower angles. If the cover plate in the original design is so wide in proportion to its

thickness that it has little resistance to buckling, this may be corrected by adding a

cover plate connected by stitch rivets along the center line in addition to the rivets

through the angles.

22. One of the problems encountered in reinforcing compression members is to in-

troduce the dead-load stress into the additional material. If this is not done, full value

cannot be obtained from the new material. For instance, assuming that the new ma-

terial gets no dead-load stress, that the dead-load stress in the old material is 10,000 lb.

per sq. in., and that the total allowable stress is 26,000 lb., then the new material will

be carrying only 16,000 lb. stress from live load only. This is the maximum stress to
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which the new metal can be worked, since any higher stress would cause overstress in

the old metal.

Several methods may be used to meet this condition. The one most commonly em-

ployed in heavy reinforcing members is to calculate the shortening necessary to produce

the desired stress under dead-load, and then drill the holes in the old and the new mem-

bers in such position that the new members will be shortened by drifting before the

rivets are driven.

Another method is used on upper chords and end posts. It is wholly different and

can be used only for large members. The cover plates may be thin compared with

their unsupported width and it is desired to use a method that will bring all of the old

metal into full use. The reinforcement, in this case, is provided in the form of a new

central web with top and bottom flange angles, but is divided into two segments, each

occupying one-half of the panel length. The segments are designed to receive

a wedge between their adjacent ends. The segments are placed inside the member

with ends bearing against the pins and the wedge. Compression is then introduced in

the segments by pulling the wedge up tight by means of a large bolt. The wedges are

then slacked off and pulled up to a snug fit, after which all of the wedges in one chord

are drawn up simultaneously a predetermined amount to develop the dead-load stress in

the new metal. The bolts holding the wedges are left in place permanently. The flanges

of the new segment are riveted to the top cover plate and to the lower lacing bars, thus

making the new center segment an integral part of the chord, carrying the same stress

per square inch as the old metal.

Adding a Center Truss

23. The reinforcement of deck truss spans frequently is accomplished by the addi-

tion of a center truss. In a single track bridge, this is comparatively simple, as ample

bracing may be applied to make the three trusses deflect alike. The center truss should

not be too stiff but should have the same deflection under load as the old trusses.

Otherwise excessively heavy cross bracing will be required or else excessive stresses will

be induced in the center truss before the outer trusses have deflected enough to stress the

members up to their safe carrying capacity.

24. The addition of a center truss in a double track deck truss span that has only

two trusses, creates difficult problems. The tracks may be loaded either separately or

simultaneously, and it is not economical to introduce enough bracing between the trusses

to make them act together. The floor beams will be continuous over the new truss. If

the center truss is too stiff, the outer truss will have greater deflection under a single

track load, and the outer rail will be low under load. When both tracks are loaded, how-

ever, the center truss must be strong enough to carry its share of the load from both

tracks. Thus the truss deflections and the distribution of stresses through the floorbeams

for various conditions of loading must be determined and a design chosen in which the

different members will be as nearly as possible under equal stress without introducing

objectionable deflections and poor riding track. The reinforcement should be designed in

such a way that in erection the new center truss may be swung under its own dead-load

before making the final connections between the new and the old trusses.

Auxiliary Truss Members

25. Girders, lattice trusses, floorbeams, and stringers may be reinforced by adding

auxiliary truss members underneath to support them at various points.
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WELDING

26. Considerable use is being made of electric arc welding for strengthening bridges.

The method is still in the early stage of development, but it has great possibilities, and

as the art is improved its use can be extended. For the present it would be well to con-

fine it to details and points where failure of the weld will not result in complete failure

of the structure. Welds should be employed in such a way that they are subjected only

to shearing or compression stresses. Butt welds in tension should not be used. Welding

in bridge reinforcement is done under conditions much less favorable to good workman-

ship than welding in shops. The welder on a bridge must contend with rain, wind,

unfavorable temperature, vibration of the structure, and the disadvantages attending

work at great heights in cramped positions on scaffolding.

OTHER STRUCTURES

27. Viaduct towers and structures of other types not specifically mentioned herein

may be strengthened by the same methods as those here outlined for similar conditions.

Appendix D

(5) USE OF ALLOY STEELS FOR STRUCTURAL PURPOSES

C. H. Mercer, Chairman, Sub-Committee; J. Aston, A. J. Biihler, R. P. Davis, Short-

ridge Hardestv, Otis E. Hovey, J. B. Hunley, J. Jones, P. G. Lang, Jr., H. C. Tam-
men, A. R. Wilson, W. G. Williams.

The recommendations of this Sub-Committee are incorporated in the Specifications

for Steel Railway Bridges (Appendix A).

Appendix E

(6) IMPACT—RAILWAY BRIDGES

F. E. Turneaure, Chairman, Sub-Committee; J. E. Bernhardt, A. J. Bijhler, C. H. Chapin,

Hardy Cross, R. P. Davis, F. O. Dufour, Shortridge Hardesty, J. B. Hunley, W. S.

Lacher, B. R. Leffler, H. S. Loeffler, C. H. Mercer, I. L. Simmons, C. E. Sloan,

S. M. Smith, H. C. Tammen, A. R. Wilson, W. M. Wilson.

The recommendations of this Sub-Committee are incorporated in the Specifications

for Steel Railway Bridges (Appendix A). Supporting data and a discussion of the sub-

ject will be presented in a monograph based on extended research, by J. B. Hunley, which

will appear in a future Bulletin.
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Appendix F

(7) BEARING VALUES OF SMALL ROLLERS

W. M. Wilson, Chairman, Sub-Committee; R. A. Van Ness, J. Aston, S. Hardesty, C. S.

Heritage, Otis E. Hovey, P. G. Lang, Jr., B. R. Leffler, C. H. Mercer, P. B. Motley,

F. J. Pitcher, O. E. Selby, H. C. Tammen, F. P. Turner, A. R. Wilson.

The recommendations of this Sub-Committee are incorporated in the Specifications

for Steel Railway Bridges (Appendix A). A complete report of the research on this

subject, carried out on behalf of the Sub-Committee under the direction of Prof. W. M.
Wilson, was pubUshed in Bulletin No. 263 of The Engineering Experiment Station, Uni-

versity of Illinois. A monograph by Prof. Wilson, summarizing and interpreting the re-

sults of this work, accompanies the report of this Committee.

THE BEARING VALUE OF ROLLERS*

By Wilbur M. Wilson

I Research Professor of Structural Engineering

University of Illinois

I. INTRODUCTION

1. Object and Scope of Investigation.—The object of this investigation is to deter-

mine the load-carrying capacity of small rollers similar to those used as expansion rollers

and rockers of girder and truss bridges. The investigation included both static and roll-

ing tests. In the study of the relation between the diameter of the roller and its bearing

capacity, tests were made on rollers varying in diameter from 2 in. to 120 in. In the

study to determine the relation between the strength of the material and the bearing

capacity, tests were made on rollers made of the following kinds of steel: a medium

grade of carbon steel castings, structural steel of specifications S.A.E. 1020, 1035, and

1045, manganese steel castings, and high-carbon tool steel. Tests were made on rollers

of these materials after they had been stress-relieved, and after they had been hardened

by heat treatment.

A few tests were made to determine the rolling friction of small rollers.

2. Acknowledgments.—The investigation was made as a part of the work of the

Engineering Experiment Station of the University of Illinois, of which Dean A. C. Wil-

LARD is the director, and of the Department of Civil Engineering, of which Prof. W. C.

Huntington is the head.

The material contained in this bulletin has been taken from three theses which were

written under the supervision of the author and which were submitted in partial fulfill-

ment of the requirements for the Degree of Master of Science in Civil Engineering in the

Graduate School of the University of Illinois. The theses are:

"An Experimental study of Cylinders Bearing on Plane Surfaces," by Will Ken-

neth Brown and Ernest Christian Hartmann, 1927.

"An Experimental Study of the Load Carrying Capacity of Steel Rollers," by

Marshall Holt, 1929.

"An Experimental Study of the Bearing Value of Steel Rollers," by Alfred Hede-

FINE, 1931.

The specimens were heat treated by Mr. E. T. Lanham, Superintendent of the

Forge Laboratory in the Department of Mechanical Engineering of the University of

Illinois.

* An abstract of Bulletin 263, Engineering Experiment Station, University of Illinois.
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Fig. 1.- -Apparatus for Rolling Tests as Used by
Brown and Hartmann.

Mr. George E. Jewett, Half-Time Graduate Research Assistant in Civil Engineer-

ing, made many of the tests reported in Mr. Hedefine's thesis.

II. RELATION BETWEEN DIAMETER AND BEARING

CAPACITY OF ROLLERS

3. Rolling Tests by Brown and Hartmann.—The rolling test consisted of rolling a

steel roller 1000 strokes at each of a series of increasing loads until a load had been ob-

tained which produced a permanent deformation in either the roller or the base on

which it rolled. The apparatus used in these tests is shown in Fig. 1. The rollers and

the small blocks on which they roll constitute the specimens. As a result of prelim-

inary tests it was concluded that the spread of the roller and base, measured parallel to

the axis of the roller at points near the surfaces in contact, was the most satisfactory

phenomenon to use as a means of determining the minimum load producing permanent

deformation in the roller or base. The elongation of the base, parallel to the plane of

motion, was also measured, but this measurement was used only to insure that the base

was so thick that spread would occur at a lower load than elongation.

During a test the loaded rollers were rolled back and forth on the bases by means

of a motor-driven crank. The crank made about 30 r.p.m. and had a radius of 4 in.,

giving the carriage a movement of approximately 4 in. each way from its mid-position.
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The routine of a test as practiced by Brown and Hartmann consisted of the follow-

ing steps:

(1) Zero strain readings with the micrometer and strain gage were taken.

(2) Specimens were placed in the testing machine and their positions under load

checked.

(3) The specimens were rolled 1000 strokes at a load which, as indicated by previ-

ous experience, would produce no permanent deformation.

(4) The load was removed and a complete set of strain readings taken.

(5) Operations 2, 3, and 4 were repeated in succession at increasingly higher loads

until a considerable permanent deformation had been produced.

Fig. 2 shows the relation between the load and the spread in 1000 strokes at each load

for 10-in. rollers rolling on a base 2 in. thick. The flow increased very gradually as the

load increased, and there is no point at which the specimen suddenly broke down. In

20

/2
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the last 1000 strokes. The rollers were rolled 20 strokes at 18,000 lb. per linear in., a

load about 20 per cent greater than the "bearing value" of the roller. The rolling fric-

tion at this load was so great that the motor would not drive the crank and the machine

was operated by hand. Because of this difficulty, rolling was discontinued at the end of

20 strokes. The decrease in the rate of flow as rolling continued is apparent, however, at

this load even during the small number of strokes that the machine was operated. In

view of the reduction in the rate of flow as rolling continues, the load that produces a

flow of 0.001 in. per in. in 1000 strokes appears to be a very conservative value to use as

the bearing value of a roller.

^000

3000

\2OOO

^

/ooo

4 6
0.00/
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Fig. S presents t^'pical diagrams showing the relation between the load and the hori-

zontal force necessary to roll the roller for rollers 4, 8, and 10 in. in diameter. For all

tests the rate of increase of resistance to rolling increased gradually with the load on the

rollers. Fig. 6 shows the effect of continuous rolling at a given load upon the rolling

friction at that load. At all loads the friction dropped off as the rolling continued, and

the decrease was rapid during the first few strokes and became less rapid as rolling con-

tinued, until no further decrease was noted. In general, the friction at a given load was

measured before making the test to determine the flow and the friction reported is the

maximum that would be likely to occur.

The horizontal force, H, which was measured was the force necessary to move the

carriage. This included the friction at the bottom and at the top of the roller, and also

the friction between the blocks A and B, Fig. 1. The latter is very small, and the fric-

tion at the top of the rollers is probably less than that at the bottom since the plate at

the top is harder than the one at the bottom. The sum of the friction between A and B
and the friction at the top of the roller is probably approximately equal to the friction

at the bottom of the roller where the roller and base are of the same material. The

force H may, therefore, be considered as the force necessary to overcome two frictions

for each roller, one at the top and the other at the bottom. Likewise the point of ap-

plication of the force moves twice as far as the centers of the rollers. On this basis, the

2L-
friction computed by the formula H = -yr- agrees well with the experimental data for the

range in diameter covered by this series. In this formula, H is the horizontal force on

the carriage in lb. per linear in. of roller, L is the load on the roller in thousands of lbs.

per linear in. of roller, and D is the diameter of the roller in inches. The agreement be-

tween values computed by the preceding formula and the experimental data is shown in

Fig. 5. The fact that the friction per unit load increases gradually with the load is con-

sistent with the fact that the increase in flow per unit load increases with the load.

Likewise, the fact that the friction at a given load decreases as rolling continues is con-

sistent with the fact that the flow per stroke at a given load decreases as rolling continues.

4. Rolling Tests by Holt.—The rolling tests made by Holt to determine the rela-

tion between the diameter and the bearing capacity of rollers differ from those made by

Brown and Hartmann in that they cover a large range of diameter and the apparatus h

so designed that the entire load weighed by the testing machine is carried by one roller.

The rollers varied in diameter from 2 in. to 116 in. All rollers were 4 in. long and

all bases were 4 in. wide and 1.5 in. thick. The relation between the diameter and the

bearing capacity as determined by the lateral flow of the base is shown in Fig. 3. The

results obtained by Holt and those obtained by Brov/n and Hartmann are shown sep-

arately in this figure. The results of rolling tests of plates, taken from Bulletin 191,

Engineering Experiment Station of the University of Illinois, are also included.

Tests of plates rolled under rollers varying in diameter from 116 in. to 476 in.*

indicated that the bearing value is given by the empirical equation

,_r/,- 13,000-1
[18,000+ 120 Z)1

"L 23,000 J L J

in which P is the bearing value in lb. per linear in. of roller, p i? the yield-point strength

of the steel in tension in lb. per sq. in., and D is the diameter of the roller in inches

The steel used in the tests reported in Fig. 3 had a yield point of 32,000 lb. per sq. in.

and, for this value of p, the preceding equation reduces to the form P^ 15,000-}- 100 Z>,

The full-line diagram of Fig. 3, whose equation is P= 15,000+ 100 D, passes through

Univ. of 111. Eng. Exp. Sta. Bui. 191.
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Fig. 7.-
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-Relation Between Load and Set; Static Tests
BY Brown and Hartmann.

5. Static Tests by Brown and Hartmann.—Static tests were made by Brown and

Hartmann to determine the relation between the diameter and the bearing capacity of

rollers. The length of the rollers and the width of the bases were 2 in. for all tests.

The rollers were medium-grade steel castings S in., 10 in., 15 in., and 20 in. in diameter.

The test consisted of determining the relation between the load and the vertical set

in those portions of the specimens just above and just below the area in contact. The set

was measured with an attached extensometer. The gage line, which was bisected by

the surface in contact between the two specimens, was three-eighths of an inch long.

Fig. 7 shows a typical load—set diagram. This curve contains no break, and hence was

hard to interpret. Brown and Hartmann used the construction shown in the figure to

determine the bearing value, the smallest load producing an appreciable set. The ex-

tensometer was very sensitive and a small set occurred at very small loads. The con-

struction for locating the bearing value is based upon the fact that the load-set curve
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Relation Between Diameter and Bearing Value; Static Tests.

is a straight line near the origin but curves to the right as the load increases. The con-

struction eliminates the personal element in the interpretation of the data, but it is more

or less arbitrary, and a different construction would give a different interpretation to the

same data. The construction does, however, give as the bearing value a load where the

set begins to increase rapidly with additional increases in load.

The relation between the bearing value and the diameter is shown in Fig. 8. The
roller M was made from the same casting as the base. The roller S was made from the

same kind of material and had the same Brinell number as the base M but was poured

from a different heat. The full-line diagram of Fig. 8 is the same as the full-line dia-

gram of Fig. 3, and shows the relation between the diameter and the bearing capacity
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Fig. 9.

—

Load-Deformation Curves; Static Tests by Hedefine.

of rollers as determined by rolling tests. The small open circles of Fig. 8 represents the

results of static tests on rollers and bases made of the same material, and this material

was the same medium-grade carbon steel castings as used for the rollers and bases in the

rolling tests reported in Fig. 3. Apparently for rollers 20 in. in diameter or less, the bear-

ing value determined by the static tests, interpreted in the manner described, is consider-

ably less than the bearing value as determined by the rolling tests.

6. Static Tests by Hedefine.—The bearmg value of rollers was determined by Hede-

fine by two static tests that were conducted simultaneously. The vertical deformation

of those portions of the material just above and just below the surfaces in contact was

measured with a wedge extensometer.* One reading was taken, with the specimen loaded,

to determine the deformation; and another reading was taken at a small load (always

the same load for a given test) following each of a number of successively increasing

large loads, to determine the set. Ideal load-deformation and load-set curves for a

roller and base made of a material having a well-defined yield point are shown in Fig. 9.

The point B, the break in the curve of Fig. 9a, corresponds to the load at which some

portion of the material is stressed to the yield point;! and the point E, the point at

which the curve of Fig. 9b departs from the vertical, corresponds to the load at which

some portion of the material is stressed to the elastic limit. But for both tests the actual

curves differed from the ideal curves in such a way as to make their interpretation diffi-

cult. The break in the curve corresponding to B of Fig. 9a was sometimes so indistinct

that its exact location could not be determined. The method was used, however, for

most of the tests. Because of the sensitiveness of the wedge extensometer, the curve

corresponding to Fig. 9b invariably deviated from the vertical so near the origin that the

point of deviation could not be considered as indicating the limit to the bearing capacity

of the roller. Instead, Hedefine arbitrarily selected the load that produced a set of three

divisions on the extensometer dial, 0.00006 in. set, as the bearing value. The values de-

termined from the load-deformation and the load-set curves are both reported, but the

former is believed to correspond more nearly to the bearing value of the roller.

* This instrument is described in Bulletin 242, Univ. of 111. Eng. Exp. Sta.

tUniv. of 111. Eng. Exp. Sta. Bui. 162, p. 12.
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In the first series of tests to determine the relation between the diameter and the

bearing capacity of rollers, Hedefine used specimens made from medium-grade steel cast-

ings that had been poured from the same heat as the medium-grade steel castings used by
Holt and by Brown and Hartmann. The bases were cut from one casting and the

rollers from another. The length of the rollers and the width of the bases were 4 in.

The thickness of the base was 1 in. for diameters of roller up to 12 in., 1.5 in. for diam-

eters from 16 in. to 30 in., and 2 in. for diameters from 36 in. to 120 in.

The results of the tests are presented graphically in the lower portion of Fig. 8. The
small circles represent the results of the static tests, and the numeral adjacent to a circle

indicates the number of tests averaged. The full-line diagram is the empirical curve

showing the relation between the diameter and the bearing value as determined by the

rolling tests of Section 4. For rollers less than 20 in. in diameter the static test used by

Hedefine, as well as the one used by Brown and Hartmann, gave values for the bearing

value much less than the values determined by the rolling tests.

III. RELATION BETWEEN STRENGTH OF MATERIAL AND
BEARING VALUE OF ROLLERS

7. Static Tests by Hedefine.—A number of series of static tests were made by Hede-

fine to determine the effect of the strength of the material, as controlled by composition

and heat treatment, upon the bearing value of rollers on plane bases. For all series the

length of the roller and the width of the base were 4 in. for all specimens and the roller

and base that were tested together were of the same kind of material and had the same

composition and the same heat treatment. Two or more tests were made on each pair

of specimens after each heat treatment, the specimens being shifted between tests so as

to bring the area in contact at different portions of the finished surface for successive

tests.

The relation between the bearing value of the roller and the yield point of the mate-

rial in tension* is shown in Fig. 10.

The breaking down of a roller as the load increases does not occur abruptly, and

there is no load at which there is a marked change in the behavior of the roller under

continuous rolling. Also the term bearing value of a roller as used in this bulletin is not

capable of a precise definition. Moreover, the results of the tests are not as consistent

as could be desired. That the results of all the tests should be accurately connected by

a simple law, therefore, is too much to be hoped for, and no curve showing the relation

between the variables of Fig. 10 is offered; but the tests indicate that the bearing value

of the rollers decreases rapidly with the yield point of the material. The individual tests

represented are static tests and, because the rollers are small, the static tests gave a bear-

ing value which is probably much less, as indicated by Fig. 8, than would have been

obtained if the same specimens had been subjected to the rolling tests used by Holt and

by Brown and Hartmann.

* The hardened manganese steel and high carbon tool steel do not have a well-defined yield point.

A value of three-fourths of the ultimate strength has been used.
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IV. SUMMARY OF RESULTS

19. Summary of Results.—The bearing value of a roller, as defined in this bulletin,

is the load producing a lateral plastic flow of 0.001 inch per inch when the roller is

rolled 1,000 strokes at the given load. It is assumed that the roller has been rolled under

a series of regularly increasing loads, 1,000 strokes at each load, and the flows considered

are the increases in deformation under each successive load, rather than the total flow

from the beginning of the test. This criterion has been adopted because the curve show-

ing the relation between the load and the plastic flow does not contain a "break," and it

seemed desirable to adopt a criterion for determining the bearing value that would not

involve the "personal equation."

Although the criterion here adopted appears more or less arbitrary, it does determine

as the bearing value a load of such amount that increases beyond this load are accom-

panied by a rapid increase in the rate of plastic flow. It is realized, however, that the

values for the bearing value obtained on the basis of this criterion are relative rather

than absolute. If a different criterion had been used a different series of bearing values

would have been obtained. This factor should be taken into consideration when the

results presented are made the basis of a design formula.

The bearing values of rollers of various diameters made of a medium-grade carbon

steel casting are shown in Fig. 3 ; the bearing values of rollers made of various kinds of

steel, and with diameters of 6 inches and 24 inches, respectively, are shown in Fig. 10.

Bulletin 263 of the Engineering E.xperiment Station of the University of Illinois,

from which the above condensed report has been prepared, was presented to the members

of the Committee on Iron and Steel Structures of the American Railway Engineering

Association for its use in the preparation of specifications for expansion rollers and rockers

for bridges. Mr. Shortridge Hardesty, a member of the Committee, called the attention

of the members to the fact that the load increment used in the rolling tests did not have

the same value for all tests and that its value did not bear any fixed relation to the

diameter of the roller. He also called attention to the fact that the load producing an

elongation of 0.001 in. per in. during 1,000 strokes depends upon the size of the load

increment. In Fig. 11, which shows the relation between the diameter and the bearing

value of the roller as determined by Holt, the load increment for each test is given in

thousands of lb. per linear in. of roller. These data are also given in Table 1. The

last column in this table gives the total flow, i.e., the sum of the flow at each of the

various loads up to and including the flow at the one which produced a flow of 0.001 in.

per in. during 1,000 strokes at that load.

It is apparent, from a study of Fig. 11, that the magnitude of the load increment

does affect the flow in 1,000 strokes at a given load, but the variations used did not

seriously affect the results.
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Table 1.

Diameter

of Roller, Load Bearing Value Total Lateral

In. Increment* of Roller* Flow**

116 3.75 34.0 1.6

116 3.75 34.5 2.7

92 3.75 29.2 2.9

68 3.75 22.0 1.9

36 2.50 20.7 2.4

23.5 1.00 21.8 7.1

23.5 1.00 21.6 5.6

16 2.00 15.2 2.6

12 2.00 14.6 2.0

10 2.00 10.2 2.8

8 1.00 10.6 4.7

6 1.00 9.5 4.4

4 1.00 11.7 3.9

2 1.00 10.1 3.0

The author furnished Mr. Hardesty with a copy of the original data, from which

he prepared an analysis of the results. In his studies, he considered not only the suc-

cessive deformations used by the author in determining his criterions, but also the total

deformations from the beginning of each test. Fig. 12 is a diagram prepared by Mr.

Hardesty, on the basis of total deformations. The regularity of the curves on this

diagram suggested to him that total deformations might be particularly suitable for the

derivation of criterions for design.

Fig. 13 is another diagram prepared by Mr. Hardesty, for the purpose of comparing

criterions determined from successive and from total deformations. The heavy line rep-

resents the criterion based on successive deformations with varying load increments for

different diameters; while the top and bottom curves are plotted from Fig. 12, for total

deformations of 0.001 inches per inch and 0.007 inches per inch. The three intermediate

light curves show criterions determined from successive deformations with three different

load increments—1,000, 2,000, and 3,750 pounds per linear inch.

It will be noted that the three intermediate curves are substantially parallel to the

upper and lower curves. This fact suggests that either total or increment deformations

may be used in setting up criterions, provided that, in the case of increment deforma-

tions, the load increment is constant. This restriction is not necessary in the case of

total deformations.

Taking into account the experimental data in Bulletin 263 and Mr. Hardesty's dis-

cussion thereof, and being guided by their extended experience with expansion rollers and
rockers, the members of the Committee on Iron and Steel Structures approved a report

of the Sub-Committee on the Bearing Value of Rollers in which the latter recommended
that the design load for steel expansion rollers and rockers be as follows:

For rollers up to 25 inches in diameter

rp— 13,0001

^-L 20,000 J^QQ^
rollers from 25 inches to 1

r/>— 13,000 "I
—

^-L 20,000
J3OOOVD

For rollers from 25 inches to 125 inches in diameter

* In thousands of lb. per linear in. of roller.
•• In O.OOl's in. per. in.
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THE CHANGE IN GRADE OF STRUCTURAL STEEL

By A. W. Carpenter

The new Specifications for Steel Railway Bridges for Fixed Spans not exceeding

400 feet in Length, which were presented by Committee XV to the Annual Meeting

of 1934 as informative of a proposed Revision of Manual, call for the bridges to be built

of structural steel and rivet steel of higher strength than do the present Manual speci-

fications.

This change resulted from cooperative action of Committee XV and the structural

bridge steel committee of the American Society for Testing Materials, following which

the A.ST.M. made corresponding changes in its specifications.

Specifically, the grade of structural steel proposed is that commonly known as

Structural Medium Steel, having an ultimate tensile strength in test specimens ranging

from a low limit of 60,000 lb. per sq. in. to a high limit of 70,000 or slightly above. The

grade of the present Manual specifications is that which has been the standard in general

use in the United States and Canada for many years and has a corresponding strength

range of 55,000 to 65,000.

A more complete comparison of the physical requirements applying to prescribed

test specimens of the steel of the new and old specifications is given below.

New Old

Property Specification Specification

Tensile strength, lb. per sq. in 60,000-72,000 55,000-65,000

Yield Point, min., lb. per sq. in 0.5 tens. str. 0.5 tens. str.

but in no case less than 33,000 30,000

Elongation in 8 in., min. per cent 1,500,000* 1,500,000*

Tens. str. Tens. str.

Elongation in 2 in., min. per cent 22 22

Cold Bend 180° (Ratio pin diameter to thickness of specimen)

Material up to ^" thick, inc ^
Ma'.erial over Y^" to 1 " thick, inc 1 1

Material over, 1 " to 1^" " " IJ^ 1

Material over 1^" to IK'" " " 1^ 2

Material over 1^" to 2 " " " 2^ 2

Material over 2" thick 3 2

* Reduced 0.25 per cent for each 1/32 in. increase in thickness over J4 in. to a minimum of 18

per cent.

Eyebar steel of corresponding difference in strength and ductility is provided by the

new specifications.

Both new and old specifications provide the same chemical limitations.

The points of argument favoring the change in the grade of steel were:

1. An approximately 10 per cent increase in minimum strength.

2. No increase in cost of steel.

3. No appreciable increase in cost of fabrication.

4. Sufficient ductility and shock resistance.

5. Suitability for welding by ordinary methods.

These points may be amplified "as follows:

With the greater strength, higher working stresses would be permissible for design,

if desired, with consequent reduction in the amount of steel required; or with the same

unit stresses, greater surplus strength would obtain; either case affording an economic

advantaee.
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The principal steel manufacturers gave assurance that the steel would cost the pur-

chaser no more than that of the old grade.

It is well known that both grades are fabricated with the same tools and appliances.

Some increase in wear of tools with the harder grade would be expected and some engi-

neers might want to curtail full punching and require more planing of sheared edges

with the harder grade. In the case of the A.R.E.A. steel bridge specifications, it is be-

lieved these features are provided for conservatively in the section on Workmanship.

The fabricators gave the opinion that there would be no noticeable increase in cost of

fabrication.

The higher strength steel is proportionately less ductile than the old grade, but it is

still a ductile steel, the workability and reliability of which has been established by long

years of experience.

As to suitability for welding by ordinary methods, this is generally measured by the

carbon content of the steel. The usual maximum carbon expected in the medium grade

is 0.30 per cent and the average somewhere between 0.20 per cent and 0.24 per cent.

Authorities agree that 0.30 per cent or under is satisfactory and some place the limit at

0.3S per cent. This grade of steel has the specific approval, for such welding, of the

A.S.T.M. and the United States Navy.

Points of argument for retention of the old grade were:

1. Its establishment as the standard in general use, with widespread publication in

specifications, building codes, hand-books, etc.

2. Its satisfactory production, use and service.

3. Its great ductility.

These points and some others were given careful consideration by Committee XV
and the A.S.T.M. Committee.

For rivet steel, the comparative new and old specified physical requirements are as

follows:

New Old
Property Specification Specification

Tensile strength, lb. per sq. in 52,000-62,000 46,000-56,000
Yield Point, min., lb. per sq. in 0.5 tens. str. 0.5 tens. str.

but in no case less than 28,000 25,000
Elong. in 8 in., min. per cent 1,500,000 1,500,000

Tens. str. Tens. str.

Cold Bend 180° Flat Flat

The chemical requirements are the same in both specifications, except that phos-

phorous in acid steel (which is infrequently furnished) is permitted to .06 per cent in

the new specifications against .04 per cent in the old. The corresponding limit for struc-

tural steel is .06 per cent and as phosphorous in such percentage does not affect working

and use, the change is logical.

The new specification requirements for rivet steel conform to those of A.S.T.M.

Standard Specifications for Structural Rivet Steel, A141-33, which superseded the earlier

A.S.T.M. specifications for this material (the latter being identical with the A.R.E.A. old

specification requirements) for reasons paralleling those which favored the change in the

structural steel specifications. Of course, the driving qualities of the rivet steel are of

fundamental importance. It has been proved by long experience, especially in steel ship

riveting, that rivets of the 55,000 to 65,000 ultimate strength grade of steel are driven

readily and are otherwise satisfactory. That grade is specified for rivets in the A.S.T.M.

Standard Specifications for Structural Steel for Ships (A131-33), (which also specifies

the 60,000-72,000 grade for structural steel) and was considered for the new specifications
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for rivet steel. Important interests favored softer steel and as a single standard grade

for structural work was desired, the 52,000-62,000 grade was adopted.

The change in rivet steel thus provides strength in rivets commensurate with the

increased strength in structural steel.

Something on the history of the development of the structural steel specifications

may be of interest and of informative importance in this connection.

In the early years of the century there were two grades of structural steel in com-

mon use in this country. One was known as soft steel, having an ultimate tensile strength

range of 50,000 to 62,000 lb. per sq. in.; the other, as Medium steel, generally specified

in those days with a corresponding strength range of 60,000 to 70,000.

The Committee XV of those days worked several years on the problem of the grades

or grade to offer for its formulative Specifications for Steel Railway Bridges. In 1902 a

compromise single grade of 60,000 lb. per sq. in. desired ultimate strength with a per-

missible range of 4,000 to 5,000 lb. either way was proposed. The idea of getting away
from two grades for general use to a single grade met with quite general favor among

engineers, steel manufacturers and fabricators and this proposal was approved by the

A.R.E.A. annual meeting of 1903 in Committee XV's Specifications for Materials and

Workmanship for Steel Structures. This was the beginning of the 55,000-65,000 single

grade steel specification.

In 1905 the A.S.T.M. revised its existing Specifications for Structural Steel for Ships

and Bridges, making a separate specification for steel for bridges which agreed practically

with the A.R.E.A. specification. From that time the compromise single grade, 55,000-

65,000 lb. per sq. in. ult. tens, strength, was in general use.

The A.R.E.A. specifications for structural steel, as set out in the Steel Railway

Bridge Specifications, and those of the A.S.T.M. for bridges, have continued fundamen-

tally the same up to the present, having been revised in minor particulars from time to

time on the initiative of one Society or the other, twice through joint conference.

During all the years of establishment of the 55,000-65,000 steel as standard, the

medium grade was continued in production and used in structures, among them some of

the largest and most important in this country. This was largely through the adherence

of some of our most prominent structural engineers in private practice to the use of this

grade.

The continued and satisfactory use of the higher strength steel and its potential

economic advantages led the A.S.T.M. structural steel committee to consider it for an

A.S.T.M. specification and the desirability of its substitution for the existing standard

grade. The A.R.E.A. and other National associations interested in structural steel con-

struction were circularized on the subject of the substitution. Committee XV was early

in showing a favorable leaning towards the proposition, but for a long time there was

no unanimity of opinion among the various interests.

In 1932 the A.S.T.M. put out Tentative Standard Specifications for Structural

Medium Steel (A140-32T) and for Structural Rivet Steel (A141-32T), these providing

for the grades as measured by tensile strength that are now called for in the new Steel

Railway Bridge Specifications. They were considered by Committee XV which criticised

the structural specifications in the ductility requirements and certain minor features.

A conference was suggested by Committee XV to the A.S.T.M. Committee, which was

carried out in the spring of 1933, with the result of an agreement on the points in ques-

tion, following which Committee XV adopted the essential features of the specifications

with the agreed modifications. The A.S.T.M. specifications for the structural steel were

revised accordingly and issued as Tentative Standard (A7-33T) and the rivet steel speci-

fications advanced to Standard (A141-33).
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Meanwhile the adoption of the medium structural and new rivet grades by other

important interests was proceeding rapidly and it was reported that a large proportion

of the mill orders for structural and rivet steel coming in were for these grades. It had

been the understanding during the development of these specifications that it was not

desirable to have two grades in general use for the same purpose and the A.S.T.M.

hastened the advancement of the new Tentative Specifications to Standard, consummat-

ing this in 1934, when they were adopted by the A.S:T.M. as its Standard Specifications

for Structural Steel for Bridges (A7-34)'.

The new specification steel is now being used in the construction of new bridges fcr

several of our largest railroads. It has been adopted by the American Institute of Steel

Construction with publication in its new Manual, thus taking it into the field of build-

ing construction; also by the American Association of State Highway Officials for high-

way bridges, and is believed to be favored by various Government agencies for adoption

in the near future.

It is understood that the Canadian Engineering Standards Association is considering

the adoption of the medium grade of steel for structural purposes, based on the new

A.R.E.A. and A.S.T.M. specifications.

It is apparent, therefore, that the new specification steels are to become the stand-

ards for general use in the United States and probably in Canada.
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COMMENTS ON COLUMN FORMULA RECENTLY ADOPTED BY
THE IRON AND STEEL COMMITTEE OF THE AMERICAN

RAILWAY ENGINEERING ASSOCIATION

By F. E. TURNEAURE

For many years prior to 1920, the column formula of the specifications provided a

unit stress equal to 16,000— 70 {l/r), but not to exceed 14,000 Ib./in.'. In 1920 it was

yroposed to substitute for this a formula of the Johnson parabolic type represented by

the equation 13,000— y^il/r)'. During the following year, a conference with repre-

sentatives of the American Society of Civil Engineers led to the substitution of another

straight line formula for the parabolic type, such formula being 15,000— 50 {l/r), but

not to exceed 12,500 Ib./in.^; and this is the formula that has been used since 1921 up to

the present time. It is now proposed in the new specifications to substitute again a

parabolic formula, 15,000— % ('A)^ with the limitation for its use to l/r not greater

than 140. The increase in the basic unit stress from that of the older formulas corre-

sponds approximately to the proposed increase in the tensile unit stress. The proposed

formula is based on a careful study of aU the available test data and on theoretical studies

as embodied principally in the reports of the special Committee on Steel Column Research

of the American Society of Civil Engineers, 1926, 1931, and 1933.

Where a straight line formula is specified, a certain limiting value of unit stress is

also specified for values of slenderness ratio below a certain amount. This results in ef-

fect in a formula consisting of two straight lines,—a horizontal Une for small values of

slenderness ratio, and a sloping line for higher values. Within the ordinary limits of

practice, such a specification answers the purpose quite well, but for high values of slen-

derness ratio sometimes encountered in practice, the results are not satisfactory,—in fact,

a formula consisting of a horizontal line and an inclined line cannot of course represent

very precisely the actual behavior of columns; but since there are a good many unknown

factors in column analysis, the use of the straight line formula as described has been quite

general in specifications, and has, on the whole, been fairly satisfactory for design pur-

poses.

A great many tests of columns under various conditions have been made in the past

and the results obtained have been made use of in various ways in establishing working

formulas. In respect to many of these tests, the conditions under which the tests were

made have been such that the information obtained has not been very easily applied in

the study of working formulas. Considerable gaps in our information have also existed

where more information was very desirable.

In view of this general situation, the American Society of Civil Engineers provided

for another series of column tests and a study of the whole question by a special com-

mittee organized in 1923. This Committee made three reports, its final report being pub-

lished last year. This study included not only a considerable number of tests, but also an

analysis of previous significant tests and a new study of the question of working formulas.

To obtain the most reliable and significant information from these tests, they were all

made with carefully arranged hinged ends, practically frictionless, and with loads placed

eccentrically. A considerable number of forms of columns were tested and a variety of

slenderness ratios. The yield points of material used were carefully determined in all

cases. A study was made also of the behavior of a column in a truss, and this behavior

related as closely as possible to the actual test results. In general, it was found that

where eccentricities were closely known, the ultimate strength of columns could be calcu-
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lated with a satisfactory degree of accuracy by the use of the theoretical formula, com-

monly known as the secant formula, basing ultimate strength on yield point of material.

Where a column forms part of a truss, there are two elements of considerable un-

certainty in addition to the effect due to variations in detail and in quality of material.

These two elements are the actual effective eccentricity of load and distance between

points of contra-flexure, or what may be called the free length of the column. If these

were accurately known, the strength of the column in the truss could be predicted quite

closely and about as well as for a column in a testing machine.

In a riveted structure the two unknown elements mentioned above are dependent

very largely upon the secondary bending stresses arising at the ends of the member, to-

gether with the amount of initial curvature or crookedness. On the basis of studies of

secondary stresses and actual measurements of crookedness, the sub-committee concluded

that the ultimate strength of a column in a riveted truss could be fairly represented by a

secant formula in which the eccentric ratio may be taken at 25 per cent and the free

length at }i of the center to center length of the member; and furthermore, that the

numerator of the secant formula could be taken at a conservative yield point strength of

32,000 Ib./in.^ for structural steel. For other than structural steel, the only change neces-

sary to make is in the numerator, which should correspond to the yield point strength of

the steel in question. The secant formula is thus easily modified to suit any grade of

steel, and furthermore, is applicable to any value of slenderness ratio l/r.

In practice the secant formula is very inconvenient, as it is not directly solvable for

given values of l/r. Corresponding values of unit stress can of course be tabulated for

any particular material, so that this difficulty is not very serious. As a matter of fact,

however, a parabola of the Johnson type can be drawn which will fit very closely the

secant formula up to a slenderness ratio of 140-160 for ordinary structural steel. Beyond

that point, the parabola drops very much more rapidly than the secant formula. Con-

sidering the simplicity of the parabolic type, the Committee finally recommended the

adopting of a parabola for all values of l/r up to 140. The parabola corresponding to

P
the secant formula for ultimate strength is ^ = 25,600- .25 (l/r)\ Applymg a f ctor

of safety of 1.7 to this formula gives the workmg formula 15,000— % il/^Y as proposed

in the specifications. For higher values of l/r, reference is made to the corresponding

secant formula.

For pin-cormected members, a study of pin friction led to the conclusion that the free

length of the column should be increased to about 85 per cent of its length center to

center, with the same eccentricity, leading to a parabolic formula 15,000— % {l/rY.

In judging the merit of a suggested factor of 1.7, it should be noted that an allow-

ance of 25 per cent bending stress has already been made in the basic secant formula,

which of course is not taken into account in the tensile unit stress of 18,000 lb./in.^

It would appear, therefore, that the 15,000 unit value in the column formula corresponds

reasonably well with the 18,000 lb. unit tensile stress.
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ELASTIC STABILITY OF PLATES SUBJECTED TO
COMPRESSION AND SHEAR

By Otis E. Hovey

1. The first investigation of any importance of elastic stability was made by James

Bernoulli in 1705, in connection with the elastic line or elastica.

L. Euler developed and published his equations of the elastica in 1744.

In 1888 George H. Bryan presented a paper entitled On the Stability of Elastic Sys-

tems.' In 1890 he presented another entitled On the Stability of a Plane Plate under

Thrusts in its own Plane, with Applications to the "Buckling" ot the Sides of a Ship.".

The methods of analysis used in these articles are fundamentally correct and later

analysts are indebted to Prof. Bryan for laying a foundation for further developments of

the theory of elastic stability and its apphcations to practice.

H. M. Westergaard, S. Timoshenko, and others, have added much to the development

of the application of the fundamental theory to practical structural problems involving

elastic stability.

2. Recently there has been an increasing recognition of the importance of designing

certain parts of steel structures so as to avoid any danger of local buckling. In the 1934

tentative Specifications for Steel Railway Bridges rules are given for proportioning rela-

tively thin plates in compression members and the webs of girders.

Articles 405 and 1402 specify maximum ratios of the thickness to the unsupported

widths of web plates subjected to compression. Article 406 specifies minimum thickness

of outstanding flanges. Articles 431 and 1402 specify the maximum ratio of unsupported

width to thickness of girder webs. Article 433 specifies the maximum spacing of girder

stiffeners. A study of the theoretical conditions for the elastic stability of plates sub-

jected to compression or shear will assist in the interpretation of these requirements of

the specifications.

ELASTIC STABILITY OF PLATES SUBJECTED TO COMPRESSION

3. In this and the succeeding discussions the following values of physical constants

will be used for structural carbon and alloy steels.

/

Young's modulus, £==29,000,000. Poisson's ratio,— = 0.30.

Assume a web or cover plate of indefinite length having compressive stress uniformly

distributed at its ends. Assume the edges of the plate to be supported to resist move-

ments normal to the sides of the plate.

1 Cambridge Philosophical Society Proceedings, Vol. 6, p. 199, 1888.

^Proceedings of London Mathematical Society, Vol. XXII, p. 54. 1891.
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Refer to an article presented in December, 1890, by Prof. George H. Bryan, and

published in the Proceedings of the London Mathematical Society, Vol. XXII, 1891. On

p. 60 Prof. Bryan gives the following expression for the elastic stability of a plate loaded

and supported as herein described.

T
g'

n^B=^ (1)

Ihil
In this expression

T = the compressive stress applied to each unit of plate width,

g z=: the length of a corrugation due to buckling,

b = the width of the plate,

t = the thickness of the plate.

The expression becomes a maximum when g^b, hence

Tb^ir'B=^ (2)
4

In this

EI 1
.

B = : in which is Poisson's ratio, and
1 m

7z::--^for a plate of thickness t. hence

f EB——•

•
. Substitute in Eq. (2) and reduce, and

12 i-(-r

^Ef ...

Let 5cr = the critical unit stress at which buckling is imminent, then

^Ef ...

5cr = F :r^ (4)

['-^i^^y3
|_ rn J

1

Substituting the numerical values of tt and —

,

3.616 Ei" _,s-^—^- (^)

Solve Eq. (S) for t.

^ =V-lm6T ^^^

4-=/^^ (7)
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In all of the above expressions it is assumed that the plate is in a true plane before

stress is applied. Commercial plates are known to have small initial buckles when rolled

b
and cooled; consequently, Eq. (7) will yield greater than safe values for the ratio

—
The results of some buckling tests of compression webs are given in "Compressive Strength

of Column Web Plates and Wide Web Columns" by Robert S. Johnston, Technologic Pa-

pers of the Bureau of Standards, No. 327, dated 1926. All applications of the Bryan

1 1 ,

theory in this paper are vitiated by the erroneous use of~ in place of ('Z,)'- When the

necessary corrections are made it is found that buckles appeared when 5<t was about ^
of the values from Eq. (7). Some tests on models made by Prof. George E. Beggs, of

Princeton University, indicate similar results. A working formula then should contain

y^ X 3.616 in place of 3.616, or

b / 2.712 E

h

(81

Values of "7~from Eq. (8) for material having various yield points = 5or.

Yield Point

in lb. A.
persq.in. t

30,000 51.2

33,C00 48.8

35,000 47.4

40,000 44.3

45,000 41.8

50,000 39.7

55,000 37.8

The tests recorded in Paper 327 indicate that for thin plates of the order of ^-in.

thick, b may be taken as the clear width between the toes of the flanges. For plates

about H"in- thick b should be the distance between the first row of flange rivets. For

5^-in. thickness b may be the distance between the second row of rivets, if any.

When the plates are -}4-in. or more in thickness b should be taken as the full width

of the member.

This analysis indicates that the provisions of Specification Articles 405 and 1402 arc

very conservative, particularly for the webs of the segments.

It should be noted that for material having higher yield points the allowable

b
ratios y are reduced.

ELASTIC STABILITY OF OUTSTANDING FLANGES

4. Assume a web plate of indefinite length having compressive stress uniformly dis-

tributed at its ends. Assume that one edge of the plate is supported to resist movements

normal to the sides of the plate, and that the other edge of the plate is free.

This case is discussed in "Applied Elasticity", by Timoshenko and Lessells, p. 295.

The expression for stability may be written

'^ = ^-¥T (9>
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In this expression fe is a constant, a fair value of which is 1.33. The value of B is the

same as given under Eq. (2). Let 5c r = the critical unit stress at which buckling is

imminent, then

Sor = -^j^ • -p ; T (10)
1.33 tt' Et- _

1

Substituting the numerical values of t and m
1.202 Et"

Scr =. ^, (11)

Solve Eq. (11) for t

/ Serb"-
(j2)^- r 1.202 E

_b_ / 1.202 E^
(13)

Assume that initial buckles in the plate reduce its capacity to ^ of the value obtained

from Eq. (ll). The constant becomes 54 oi 1.202 and a working formula becomes

b / 0.901 E
ir=V-^:^ (1^)

b
Values of — from Eq. (14) for materials having various yield points = Scr.

Yield Point
in lb. S-

persq.in. t

30,000 29.S

33,000 28.1

35,000 27.3

40,000 25.6

45,000 24.1

50,000 22.9

55,000 21.8

This analysis indicates that the provisions of Specification Article 406 are very con-

servative for flanges in compression.

ELASTIC STABILITY OF THE WEBS OF PLATE GIRDERS

I. Spacing of Stiffeners

5. For many years the writer has believed that the ordinary methods of calculating

the spacing of stiffeners of girder webs were not the best available. The working formulae

for the spacing of stiffeners contained in some specifications for bridges and buildings

have been deduced from the assumption that an element of the web with its axis inclined

45 deg. downward toward the reaction acts as an elementary column with its ends fixed

in position but free to rotate. This theory neglects the fact that in a web, subjected to

shear, at any point in the web a tensile stress exists at right angles to the compressive

stress and of the same magnitude. It follows that the stiffeners are spaced nearer each

other than is necessary, resulting in increased cost. As the web is subjected to shear,

any working formula for the spacing of stiffeners should be based upon the tendency of

the shearing stresses to buckle the web plate between the stiffeners.^

' StiEfener Spacing for Plate Girder Webs, by Otis E. Hovey, Eng. News-Record, March 12, 1931,
446.



Iron and Steel Structures 719

Equation (4) may be written

S„=k .
?', »«

['-'i>'}

In this expression

/fe is a numerical factor depending upon the manner in which the edges are fixed and

It

upon the ratio -7 between the sides of the rectangle subjected to shear.

d is the clear distance between stiffeners.

Also let h be the unsupported height of the web plate.

Solve Eq. (IS) for d and

(16)

Prof. S. Timoshenko presented a paper before the American Society of Mechanical

Engineers during 1933 in which he gave the values of k for various values of the

h h
, . ,. J J

ratio -^. The relations between ratios -7- and the factor k are quite complicated, and

the paper gives them in a table. Mr. Harold D. Hussey called the attention of the

writer to the fact that a certain parabolic curve would closely approximate the true

relations.*

7.4
Let k=: Substitute this value in Eq. (16) and

' h

(7.4r. s—5 _ —!— (17)

['-V'} /l5cr'

It should be observed that k in Eq. (16) is under the radical so that apparent

errors in the value of k are greatly reduced.

If 5 is the gross unit shearing stress and / is a factor of safety, 5cr in Eq. (17) may

be written as /5.

Substituting the values of E and— in Eq. (17)

/ t

d = 381,700 t Y ~hf^ '^^'

The value of , ,2 o-i is small and calculations by slide rule are troublesome. This

can be obviated by writing

381,7001 / jSt ,,„,

^=—ls—v-ir ^'''

Assume that the minimum yield point of tension specimens of structural steel is

33,000 lb. per sq. in. A study of many tests indicates that the yield point in shear is

0.637 times that in tension; hence the yield point in shear is about 21,000 lb. per sq. in.

Plate Girder StiEfeners, by Harold D. Hussey, Eng. News-Record, April 9, 1931, p. 622.
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For a steel having a minimum yield point in tension of 33,000 lb. per sq. in., A.R.E.A.

Committee XV has adopted a basic tensional unit stress of 18,000 lb. per sq. in. The

factor of safety thus becomes 33,000-^18,000 = 1.833. A consistent value of the unit

stress in shear would be 21,000^- 1.833, or 11,450 lb. per sq. in.

If the value of / in Eq. (19) is taken as 1.833

2S5,000

1

/St (20)'^^
S V h

In this expression

d= the clear distance between stiffeners, in inches.

t =1 the thickness of the web, in inches.

h = the clear depth of the web between flanges or side plates, in inches.

S = the unit shearing stress on gross section in the web at the point considered.

Formula (20) is in convenient form for use and suitable for use in specifications, as

shown in Article 433.

II. Webs Without Intermediate StiflFeners

6. It is obvious that no intermediate stiffeners will be needed if the ratio
—

that the web can carry the shear without buckling.

It was assumed that h was greater than d. When the case is reversed, as in a web

d h
plate without stiffeners, one must use t- in place of-^, and substitute h for d m Eq. (IS).

d
Timoshenko's calculations show that when the ratio y is small, as in the case under con-

sideration, k becomes about 4.4. Substituting this value of k in Eq. (15)

£_
5cr = fS = 4.83 E-Ti (21)

h
Solve Eq. (21) for— and

^ ./ 4.S3E
(22)

t ~y is

Here jS is the yield point of the material in shear,

A study of tests indicates that the yield points in shear of various kinds of steel are

approximately as follows:

Tensional Shearing

Kind of Steel Yield Point Factor Yield Point

Carbon 33,000 0.637 21,020

Silicon 45,000 0.65(it) 29,250

Manganese or Nickel 50,000 0.67(±) 33,500

Manganese or Nickel 55,000 0.67(±) 36,850
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B}' substituting rounded values of the shearing yield points in Eq. (22) values of
^

become:

Shearing h

Kind of Steel Yield Point t

Carbon 21,000 81.7

Silicon 29,000 69.5

Manganese or Nickel 33,000 65.1

Manganese or Nickel 37,000 61.5

If the webs have these values of y and are subjected to shears equivalent to the

shearing yield points, or fS, buckling will be imminent. The requirement of Article 433

h h
that—shall not exceed 60 for carbon steel, and of Article 1402a that— shall not exceed

SO for alloy steel are conservative.

m. Thickness of Webs to Resist Buckling Due to Compression

7. Bending moments at the middle of girder spans or near the ends of cover plates

cause horizontal compressive stresses in the webs below the upper flanges. Vertical stif-

feners are quite ineffective in supporting webs to resist buckling caused by such compres-

sive stresses. Horizontal stiffeners are inconvenient and expensive in ordinary cases. A
practicable plan is to make the web of such thickness that stability against buckling is

secured."

Equation (15) may be written

E t-

5er=/5x=fe — • ^ (23)

In Eq. (23) Si is the basic maximum tensional unit stress and / is a factor of safety.

Solve Eq. (23) for t.

t = hyfS,
(24)/kE

;1 — r—

/

Timoshenko gives the value of k for a long rectangular plate subjected to bsnding

1 It

as 19.7. Substitute this value and those of E and— in Eq. (24) and solve fory-.

± = 'J£20^
(25)

t \ fSi

As /Si is the minimum yield point of the tension specimen, Eq. (25) may be written

h 25,000

I V Y.P.
(26)

•' Designing Plate-Girder Webs to Resist Buckling, by Harold D. Hus.sey, Engineering News-Record.
Jan. 28, 1932, p. 125.

" -Stability of the Web of Plate Girders, by S. Timoshenko. Advance copy by Am. Soc. of Mech.
Engrs. 1933, Table 2.
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The compression flange secures the web against buckling where the web enters the

flange. It seems reasonable to assume that this support will be adequate for at least five

times the thickness of the web away from the flange. A study of the design of a group

of railway plate girders indicates that the unit fiber stress at a distance of five times the

web-thickness away from the toes of the flange angles is about 0.65 times the maximum
allowable extreme fiber stress in tension.

Equation (26) then becomes

k 25,000 31,000 , „,— . == J ; (27)
t V 0.65 Y.P. V Y.P.

Equation (27) yields the following values of— for various steels:

Tensional h

Kind of Steel Yield Point t

Carbon 33,000 170.7

Silicon 45,000 146.1

Manganese or Nickel 50,000 138.6

Manganese or Nickel 55,000 132.2

h
The ratios ofT' specified in Articles 431 and 1402 are based upon the results of this

analysis and are considered conservative.
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SHEARS ON COLUMN LACING

By Shortridge Hardesty

Shears on column lacing are produced by the following causes:

1. Transverse forces acting on the column.

2. Moments at the ends of the column, or eccentric applications of load, which set

up a cross-shear in the column of^^M^
(„,

3. Initial curvature of the column.

4. The springing of the column as a result of Causes 2 and 3.

5. Local defects in the column, and initial stresses set up in the lacing during

fabrication.

The first cause can be readily computed, and will not be considered further in this

article. The fifth cause cannot be analyzed from a theoretical standpoint, but must be

covered by an allowance based on judgment. The other three causes can be evaluated

theoretically, by making certain assumptions; and formulas covering them are developed

in this article.

In order to take into account the various conditions that are encountered, four cases

of column action will be considered. These are shown in Fig. 1, 2, 3, and 4. The first

three cases apply to the second and fourth causes, and the fourth case to the third and

fourth causes. The fundamental formulas for these four cases are as follows:

Case 1. Straight column bent in double curvature by equal moments at the two

ends.

Equations of curve of loaded column

y =
stn—y ^

_sin^i/^. (2)T r y E

2t

/-
e / p

dv r V E X / p .,.-— = =coj

—

A/ TT (.j;
dx

. I /p r V E
sin :/2r'V E

Slope of column axis at either end

dv r y E
dx I

tan-

^ ^ (4)

/f



Iron and Steel Structure: 72S

Fig. 1 Fig. 2 Fig. 3 Fig. 4
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Slope of column axis at center

^=-^i^, w

Case 2. Straight column bent in single curvature by moment at one end only.

Equations of curve of loaded column

^^
/ '/7"'"7/l ^'^'

dy rV E x / p^-

—

rTi'^'TVE- (7>

Slope of column axis at lower end

dy _ rV E^- TTT '••• ^^'

Slope of column axis at upper end

dy _ rV E
d^~

I h
'^^ Tr E

Case 3. Straight column bent in single curvature by equal moments at the two ends.

Equations of curve of loaded column

^-^^-^(7/1-i/l) ao)

-a/~^
dy rV E { x / p I / p\
~dx= TTT "H7I/I+ 2^:/!) (1^)

Slope of column axis at either end

-^=L./I tanljL. (12)
dx rV E 2rV E
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Case 4. Column originally curved to a sinusoidal curve, end moments zero.

Equations of curve of loaded column

j=. -. « <")

\ ^ £7rV /

dy IT / — I cos —r

\ ^ ErrV /

X (14)

Slope of column axis at either end

(IS)

Case 3 leads to the so-called secant formula for the maximum stress in a column,

and this is the formula that has been adopted as the basis of column design in the new

Steel Railway Bridge Specifications submitted to the American Railway Engineering

Association in March, 1934, by Committee XV. In its most general form the secant

formula is

P = ^ — (16)

t^ 2rV E

This formula, like the other formulas already given, assumes that the ends of the column

are not constrained by other members, but are free to rotate. In actual practice there

will always be more or less end restraint, which requires some modification of the various

formulas. In the specifications just referred to, this restraint has been allowed for by

3
replacing the column length I hy^l, leading to the formula

p = ^——-=
(17)

' r^ 8rV E

ec
For ordinary design, it has been assumed that~r ^ 0.25, giving the formula

; + 0.25 sec— a/^
SrV E

P= rr (18)

ec r

From the assumption —> = 0.25, we have em—7; and if we further assume that

r
r = 0.8c, we find 6=7. These assumptions will be used in developing formulas for

column shear from the various formulas already given in this article.

A
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By referring to the various figures, it will be noted that in each case the expression

tor -J— gives the slope of the column axis with respect to the line of action of the load

dv V dv
on the column. Hence the shear V in the column equals P~^, so that-^ = -T~. The

. dv
shears in the columns can therefore be derived directly from the various formulas for"Tr-

Considering now the second cause, it is evident that, if the bending of the column

axis be neglected, the maximum shear will occur under Case 1, in which the two end

moments are additive. The resulting expression for the shear in the column will be

V 2e-!-=— (19)
F I

Assuming e=— , we have

il z= 0.4 — (20)
P I

If now the effect of the springing of the column axis be taken into account, the

shear at any point will be changed because of the angle between the deflected column axis

and its original position. The shear will be a maximum at the center of the column.

From Formula 5 we find, by assuming £ = 29,400,000 and e-j' ^^^ replacing- by

3 I 3
^-and e by — e,

V _ 36,000 ,21)
P ~

I vF
stn r 14,400

V
Curve 1 on Fig. S has been plotted from Formula 21, the values of"^ being in per cent.

In plotting this curve, together with the other curves on Fig. 5, there have been assumed

for values of l/r up to 160 for carbon steel, and up to 130 for silicon steel, the following

capacities

l-

Carbon Steel /> = 26,400— 0.44 —r

Silicon Steel p = 36,000— 0.828 -j-

For larger values of l/r, Formula 18 has been used, / being taken as 33,000 for carbon

steel, and 45,000 for silicon steel. Column capacities rather than working strengths have

been used, in order that the condition when the column is carrying its maximum load

might be represented.

Considering now Case 2, in which there is a moment at one end of the column only,

we find the following formulas, corresponding to Formulas 20 and 21:

V r

-7>— 02-- (22)

V __ 36,000 ,„.

^ ' ^p
sin — —f-—

r 7,200
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Curves 2 on Fig. 5 have been plotted from Formula 23.

It will be noted that Curves 2 rise for long columns, while Curve 1 does not. This

is due to the fact that, for the condition represented by Curves 2, the column deflection

is so large that Formula 23 gives much larger values than Formula 22 ; while, in the case

of the column bent in double curvature, the effect of column springing is slight and

Formula 21 gives values only a little larger than Formula 20. For the same reason, a

single Curve 1 covers both carbon and silicon steel, the values for the two materials prac-

tically coinciding; while Curves 2 are appreciably different for the two materials, the

more highly stressed silicon columns springing out of hne further.

Considering now Case 3, the cross-shear from the two end moments is zero, and the

shear in the column is due entirely to the springing of the column. This is a maximum

;• ,13 1

at the ends, and we find from Formula 12, by assuming e^— and replacmg~by -
^

^=-ll-tanl^LL- (24)
P 27,000 r 14,400

Curves 3 on Fig. 5 are plotted from this formula.

The shear due to Cause 3 can be found from the formulas of Case 4. From Formula

r 13 1 3
IS, we have, by assuming e =^~7, and replacing— by "t "and e by -je.

V
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The various curves have been plotted on the assumption that r= 0.8c, while in actual

columns r will usually vary from 0.6c to 0.9c. Since in all formulas the shear varies

r
directly with—, the factor could readily be introduced into a formula for design; but

this hardly seems worth while, especially in view of the fact that tests do not indicate

r
that the value of — has much effect on column shears.

Fig. 5 shows that there is such a wide variety of conditions to be found in columns

that the use of one or more theoretic formulas is not justified. Evidently there should

be adopted a formula of simple form that will represent the maximum values that can

reasonably be expected. Such a formula should give high values for low values of ~" *

dropping to a minimum for a length ratio of about 80, and rising again for long columns.

The following formulas are therefore recommended as meeting these requirements:

l_

^ , , lOOV 100 r
, ^

CarbonSteel —^— = -; + -^ (26)
^ L-\-10 ^^^

iOOV 100 , r
, „,

Silicon Steel—5— = -; +— (27)
^ L-\- 10

^"

r

Curves 6 and 7 from these formulas are plotted on Fig. S. It will be noted that they

give values in per cent.

Formula 27 can be used with sufficient accuracy for nickel steel with a yield point of

50,000 pounds per square inch. For higher strength steels, the denominator of the second

3,300,000
term of the formula should be replaced by— . , , . , , leading to the formula

lOOV _ 100 r

P ~ I
, ^^

"*"
"
3,300,000

^^^^

r yield point

The preceding formulas cover Causes 2, 3, 4, and S, as given in the first paragraph of

this article. They do not cover Cause 1—the effect of transverse forces. They include

the effect of accidental eccentricities, moderate secondary stresses, and ordinary column

imperfections—in, otiher words, they cover the shear on the lacing of columns that are

properly designed by usual column formulas. In the event of known eccentricities of

load, or curved or bent columns, a special investigation of the lacing may be made by

means of Formulas 2 to IS.

It will be appreciated that Formulas 21 to 28 are applicable only to material for

which E equals approximately 29,000,000. Formulas 2 to IS are general, and may be

applied to any material.

In the development of the preceding formulas for column shear, partial end restraint

13 1

was allowed for by replacing— by"T~, so that the formulas apply properly to average

conditions. The two extreme conditions to be encountered are

1. Columns fixed ended.

2. Columns free ended,
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Condition 1, for the types of columns shown in Fig. 1, 2, and 3, is covered by the

three following formulas, corresponding to Formulas 21, 23, and 24:

Straight column bent in double curvature

JL._o4- +^- (29)
P —^-^

I 60E r

Straight column with moment at one end zero

Straight column bent in single curvature

L=.-J-i (31)
P lOE r

V
An exact formula for -^ for the type of column shown in Fig. 4 has not been developed.

r
For short columns of that type, it will approximate to 0.8 T, while for long columns it

will exceed that value considerably.

If Formula 29 be plotted, it will be found to follow closely Curve 1 of Fig. 5 for

both carbon and silicon steels. Curves from Formula 30 will be found to follow Curves

2 of Fig. 5 closely up to an l/r of 80, beyond which point they will drop, following

Curve 1 approximately. Curves from Formula 31 will be found to lie about 25 per cent

above Curves 3 for small values of l/r, to cross Curves 3 at an l/r of about 75, and to

lie below Curves 3 for higher values of l/r, the maximum value of about 1 per cent being

reached at an l/r of 160.

Formulas for Condition 2, corresponding to Formulas 21, 23, 24, and 25, can be

readily written out by using the full values of l/r and e instead of three-quarters thereof.

The resulting formulas are:

Straight column bent in double curvature

(32)
V 27,000

T^
. LJLp_
""

r 10,800

Straight column with moment at one end zero

y'p

^=_27fi00_^
(33)

P I \' p
sin — , .^n

r 5,400

Straight column bent in single curvature

j:=_i£,„„ij^ (34)
P 27,000 r 10,800

Curved column with end moments zero

V__r 0.628 ,3^)
P "11— p l_

290,000,000 f
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In plotting curves from these formulas, the proper unit stresses must be worked out

from Formula 16, as the unit stresses derived from Formulas 17 or 18 would cause failure

of a free-ended column except for small values of llr. Curves from Formulas 32, 33, and

35 will be found to follow Curves 1, 2, and 4 of Fig. 5 quite closely for smaller values

of //r, but to run well above them for larger values of llr; while curves from Formula 34

will run about 25 per cent above Curves 3 for small values of Mr, and about 50 per cent

above for larger values of //r.

From the foregoing it is evident that the curves of Fig. 5 represent average condi-

tions, intermediate between the two extreme conditions. For end conditions not prop-

erly covered by the curves of Fig. 5, a special investigation can be made by means of

the appropriate formulas.
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Fig. S.

200

Assumptions

ec
0.25 and r = 0.8c

4c 5

Curves for Various Conditions

1. Straight column with opposite eccentricities e at two ends.

2. Straight column with eccentricity e at one end only.

3. Straight column bent in single curvature with equal eccentricities e at two ends

(the condition assumed in developing the secant formula).

4. Curved column with constant middle ordinate e for all values of — .

r

5. Combination of conditions 3 and 4 with middle ordinate of curved column vary-

ing with—

.

r

X O Test results.

Curves for Design

, c-r V 100 , r ,. ^ ,,
6. othcon—= h — (in per cent)

P I + 10 10

^ r u y 100
7. Carbon— =

P I + 10

I

H (in per cent)
100

Note.—Curves 6 and 7 cover only shears due to accidental eccentricities and usual

column imperfections, and do not include shears caused by transverse forces or known

eccentricity of load.
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LIVE LOADS FOR MULTIPLE TRACK BRIDGES

By H. C. Tammen

SYNOPSIS

In the design of a railroad bridge carrying two or more tracks the question arises

as to whether the same Uve load which would be used on a single track bridge shall be

used on all tracks, or whether something less may be appropriate. This paper seeks to

give an answer to this question, the answer being predicated on the theory that only

such loads as occur with reasonable frequency need be provided for in the design at

ordinary stresses if the probable maximum load occurring during the life of the bridge

does not produce unreasonably high stresses. Recourse is had to the theory of prob-

ability to determine the frequency with which stresses of various magnitudes occur. The

general equations are first developed and, after a discussion of the several variables in-

volved and a selection of suitable values for these variables, the equations are then applied

to spans of various lengths and proper design loads suggested. The discussion is limited

to spans not exceeding 400 ft. in length.

INTRODUCTION

At a meeting of Committee XV of the American Railway Engineering Association in

February, 1932, during a discussion of the sections of the present and proposed railway

bridge specifications dealing with the reduction of loading for multiple track bridges', Mr.

J. B. Hunley'' expressed the opinion that, regardless of what reduction was made, this

same reduction would not hold for all lengths of spans. This was quite contrary to

previous specification practice and Mr. Hunley was asked by the Committee to study

the matter and report his conclusions. Mr. Hunley's report, presented in April 1932,

showed clearly that the design loading for a multiple track bridge should be larger for

a long span than for a short span. His study also led him to the opinion that it was

questionable whether any reduction in loading should be made for two track bridges.

It appeared to the writer that the theory of probability might serve to check Mr. Hun-

ley's conclusions and also give rather definite information as to the loads that should be

used for design. A short study indicated this to be true and the writer accordingly pre-

sented a brief discussion of this to the Committee in May 1932. Mr. Hunley and the

writer were thereupon appointed as a sub-committee to go into this fully, and, in accord-

ance with this, the writer made a comprehensive study of the matter. This was pre-

sented to the Committee in July 1932. The following analysis includes this July report

with various modifications and additions to meet suggestions of the committee members.

1 See 1929 AREA Specifications for Railway Bridges, Art. 23 and 1934 Specifications, Art. 203.
^ Engineer of Bridges and Structures, C.C.C. & St.L.Ry.
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General Probability Equations for Two Tracks

g>g)o^

Bridge

nhil^ B

^g^

In Fig. 1, let AB be a track passing over a

bridge and carrying the design live load made up

of engines and uniform train load. As the design

live load starts over the bridge it begins to produce

stresses in the various members; as the load moves

over the bridge the stresses gradually increase until

they reach a maximum and then gradually de-

crease until they again reach a value of zero as the

load leaves the bridge. In Fig. 1, let the distance

a, measured from the left hand support to wheel 1

of the engine loading, fix the position of the live

load for which the stress in any specific member, say the flange or chord stress at the

middle of the span as measured by the moment, has been increased to some designated

percentage, say 90, of the maximum stress which can be contributed by the design load

on this track. As the load moves on, this percentage will increase to 100 and will then

start to decrease reaching a value of 90 again when wheel 1 is a distance b from the left

support. As the load moves over the distance L, the moment at the middle of the span will

have a value varying from 90 to 100 per cent of the maximum. The distance L there-

fore gives the movement of the train which can occur without the moment being less

than 90 per cent of the maximum. The distance L can readily be determined for any

design load for any percentage of the maximum stress in any member. For con-

venience the distance L will hereafter be referred to as the "critical" length and will

be measured in feet. When measured in time units, the critical length will be called /

and will represent the time in seconds required for the train to travel the distance L in

feet. The term "meeting" as hereinafter used will always refer to a meeting of the

trains on the bridge with the train on each track in such a position as to give stresses not

less than the magnitude used to determine the critical lengths for such track.

Then: I

Zi, Li, Li, Lt = critical length in feet,

/i, fi, fz, f* = critical length in seconds.

Vi, V2, Va, Vi =z train speed in feet per second while passing over the length L.

The subscripts in each case indicate the particular track of a multiple track bridge

which is under consideration.

In Figure 2, let 00 be any reference line at

the bridge. Assume that a single train of critical

length /i passes over the bridge on track 1 dur-

ing a 24 hour day, that is, during 86,400 seconds.

If now a single train on track 2 of infinitesimal '

critical length passes over the bridge the probabil-

ity of its meeting the single train on track 1 in

such a position as to give stresses of the magni- •

tude being considered at any time during a 24

hour day is clearly „, .»_ . This follows from a

consideration of the generally accepted basic law

of probability which is: "The probability of an

event is the ratio of the number of cases which

Track2

Track 1
lilM'M
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favor it to the number of all the possible cases, when nothing leads us to believe that

one of these cases ought to occur rather than the others; which renders them, for us,

equally possible". This statement is taken from Encyclopedia Britannica and is credited

to Laplace.

If the train on track 2 has a critical length /- the time during which such a meeting

can occur is increased from /i to (/i + /-:) and the probabiHty of such a meeting is

/i + /.

86,400

If til represents the number of trains operating over track 1 in a 24 hour day, the

probability of any meeting during a 24 hour day or the probable number of meetings

"l (/l + /2)
during a 24 hour day is—„, .„„— . If M2 represents the number of trams operatmg

over track 2 in a 24 hour day, the probability of any meeting during a 24 hour day or

the probable number of meetings during a 24 hour day is

Ml Th (/i + /;) ^J'~
86,400

As stated above, Y2 represents both the probabihty of any meeting during a 24 hour

day and the probable number of meetings during a 24 hour day. The two meanings are

synonymous. If Y2 = 1/10 it means a probability of one in 10 of such a meeting during

a 24 hour day or one such probable meeting in 10 such days or a probable number of

1/10 meetings per day. If instead of considering a time period of one 24 hour day a

time period of one year were taken it is clear that Y2 for this case would be 365 X l/lO =
36.5. To avoid referring to such values of Y^ greater tihan 1 as probabilities it seems de-

sirable to use for F2 the second meaning given above, namely the probable number of

meetings.

If

fii, M2, tis, iti = number of trains operating over the bridge in a 24 hour day on tracks

1, 2, 3, 4.

F2, Fs, F4 = probable number of meetings per 24 hour day on the bridge, F2 for

meeting on 2 tracks, F3 for 3 tracks, Yi on 4 tracks,

fs, ta, ti ^= probable time interval in 24 hour days between successive meetings,

corresponding to F2, Ys, Y*.

Then

Ml W2 r/i 4- h)
^'—

86,400 ^^^

but

Li U 7

h =

then

/i =— and h= — also t^ _
j,

¥2=

and

86,400 '

86,400
i'^ = 77 r\ (3)

'-(t-a
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These equations hold for either direction of train travel on either track. Also the

values of Fa and ti depend upon the train speed while passing over tjhe critical length L,

being independent of the speed which the trains on either track may have at any other

time.

If

and

:«: or n ^ V Hi til

then equation (3) can be written:

86,4007;
t2 =

General Probability Equations for 3 Tracks

(4)

If there is a single train of infinitesimal critical length operating daily over track 3,

the probability of any meeting on the bridge during a 24 hour day between this train

and the trains on both tracks 1 and 2 is equal to the ratio of the probable average time

of duration in seconds of the meeting of trains on tracks 1 and 2 to the probable time

interval between such meetings, or it is equal to K2 -^ (86,400 ^2)

where

K2 = probable average time of duration in seconds of a 2 track meeting.

For tis trains daily over track 3 each of critical length /a, it follows that

«3 {K2 + U)
Y,=

but

U =
Then

h =

86,400 t2

86,400 tt

n, {K2 + U)

Substituting value of fj from equation (3)'

86,400^
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This is for trains on two tracks moving in opposite directions. The same value of

K2 will be found if trains move in the same direction.

Then

86,40Cf
fs=

th »2 tti (Li -\- Li) / Z-] L
Vi V2

(L,L, \

U±_U^ 0. i

86.40C
=

''—
I L,L. UU

,
UU\

n, «2 «3 I
1 1

I
\ViVi Vi Vi V2 V- /

if «= «i =: Th ^ n^ or n = y Ui tij m
and 1)= Vi=zV2=^ V3

Then
86,400' v' ,^x

^'— M^Z,! L2 + Li L3 + L2 Z-3)

General Probability Equation for 4 Tracks

The probable time interval for a four track meeting can be derived similarly.

For V=:Vi = V2^V3^^Vt

and n ^ ni= n2=: th = n^ or »= V Wi n^ m n^

this will be:

86,400° V; /^^
^'— n,{UUL,+ UL2U + L,UU + ULiU)

Variables in Probability Equations

The three general equations (4), (5) and (6) give the probable time intervals in days

between successive meetings of trains on 2, 3 and 4 tracks for positions of the trains cor-

responding to any desired stress condition. Their solution requires the fixing of train

speed and the daily number of trains and the determination of the critical lengths which

are governed by the type of loading. It has been assumed in the derivation that all

trains on each track are alike. If this is not the case the right hand side of each equation

must be multiplied by a factor M which allows for any variation from this condition..

The complete solution therefore requires that definite assumptions be made regarding the

following four items:

1. The number of trains operating daily over each track.

2. The train speed while passing over the bridge.

3. The design train loading as to type and length.

4. Variations of actual trains from design trains.
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Number of Trains Daily

Bearing in mind that multiple track bridges are generally used only where the traf-

fic is heavy, it seems reasonable to use a rather high value of n. The writer originally

used a value of « =: 60, corresponding to a train every 24 minutes. The probable time

interval between meetings on a double track bridge varies inversely with the square of n

or with the product of the numbers of trains daily on each of the two tracks; the greater

the value of n" or of Wi th the less will be the probable time interval between meetings

and the higher will be the percentage of maximum load arrived at for design. It is

doubtful that a value of n" or »i th equal to 3,600 will very often or ever be exceeded

and a value of n= 6Q would therefore appear amply conservative for a double track

structure. It is probably still more conservative for a three or four track structure, and

it may be desirable to reduce it in considering three and four track bridges. Probably

n = 40 would be ample for such structures. The effect of both of these values of n will

be considered.

In developing the equations it has been assumed that the trains move over each track

at substantially uniform intervals throughout each 24 hour period. If this is not the case,

that is, if the frequency of trains is greater during certain parts of the day than during

other parts, the value of n to be used in the equation is not the actual number of trains

on any of the tracks but rather an equivalent number which can be arrived at as follows:

Assume that the actual operation of trains over the tracks of a multiple track bridge

can be closely represented by dividing the day into several separate periods and that the

number of trains operating over each track during each of these periods is known, and

that the several values are as follows:

Length of Number of Trains in Period on
Period Track 1 Track 2 Track 3 Track 4

m a b c s

p d e f t

r g h k u

Total 24 ni nz na n*

For such a condition

/ 2Aab
For 2 tracks n= i/ —^T" + ""^ + —'—

, . . 2bc 24' def
,

24" ghk
For 3 tracks n= a/ —-t" + —it— +

IJ-
3 / 24' ab

n= A/ r

n— y-
'2rabcs 24" deft 24' ghku

For 4 tracks n = /f/
—

z::^
1

—

~^ 1 -3—

The effect of such variations in frequencies of trains on the value of n for a double

track bridge is shown by the following examples in each of which win^^ 3,600.
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Case 1

Hrs. Track 1 Track 2

8 36 25
16 36 25

24 72 SO

nin2= 12 X 50 = 3,600

=/ 24 X 36 X 25
, 24 X 36 X 25

i
+

1^ = 63-6

Case 2

2 24 3

20 33 33

2 3 24

24 60 60

nil «2 =: 60 X 60 = 3,600

=/
24 X 24 X 3

_^
24 X 33 X 33 I 24 X 3 X 24

^

2 20 I 2

The effect of such variations on a three track bridge is shown by the following:

Case 3

Hrs. Track 1 Track 2 Track 3

8 36 25 30
16 36 25 30

24 72 50 60

n,n;n3= 72 X 50 X 60 =: 216,000

n = y
24- X 36 X 25 X 30

,

24' X 36 X 25 X 30
8' + 1^^ =^^-1

Case 4
Hrs. Track 1 Track 2 Track 3

2 24 3 5

20 33 33 50
2 3 24 5

24 60 60 60

Wi n. M3 = 60X 60 X 60= 216,000

3 .- JX 24 X 3 X 5 ,
24^ X 33 X 33 X 50 ,

24^ X 3 X 24 X 5 ^
^

22
+

20^'
"^

2= =^^-^

These examples show that even for very large variations in train frequencies during

various parts of the day there is comparatively little change in the value of n which is to

6e used in the equations. In deriving a value of « for any particular structure it will

therefore be sufficiently exact to do so using only the total numbers of trains daily on

each track without considering variations in frequencies during parts of the day, unle:s

such variations are extreme, when the value of n can be derived more exactly.
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Train Speed

As affected by train speed, the time interval between successive meetings depends

only upon the train speed while passing over the critical length and is not in any way

affected by the speed which the trains may have at any other time. Inasmuch as the

train speed during the time of meeting governs the impact percentage to be used wi.h

the live load stress, it might seem pertinent to use for each span length under considera-

tion the particular speed which corresponds to maximum impact conditions. However,

for determination of proper time intervals, the speed selected should be the average speed

at which the trains operating on the track maj' be expected to travel. Inasmuch as the

time interval is decreased as the train speed is decreased, the assumed average train speed

should conserv^atively be taken low rather than high. A speed of 50 feet per second or

34.1 miles per hour will be used in calculating the desired time intervals. The effect of

using critical impact speed will also be indicated.

Design Train Loading

For the design tra.'ji loading, Cooper's E series will be used. The train length will

be taken at 4,000 ft., this to represent the distance from wheel 1 of the first engine to

the end of the uniform load.

Variations of Actual Trains from Design Trains

The design train loading is intended to represent the maximum train loading wh'ch

at any time during the life of the bridge will move over it with any frequency. The

probable time interval equations developed for use are based on the assumption that all

trains operating over each track are full design load trains. To distinguish it from other

loading assumptions such an arrangement will hereafter be referred to as Loading A.

Whatever this maximum train loading may be it is to be expected that only part of

the total number of trains operating over the tracks will be as heavy as thi. It ap-

peared to the writer that a reasonable assumption would be to assume half of the trains

equal to the design trains and the oth^r half equal to 80 per cent of the design trains.

This arrangement of loadings is hereafter referred to as Loading B.

In discussion in the Committee it was suggested that this assumption while reason-

able for engine loadings was unnecessarily conservative for train loadings, and that it

would therefore be more proper to assume one-half of the engines and one-third of the

trains equal to full design loading, the remainder being 80 per cent of design loading.

This arrangement will hereafter be referred to as Loading C, and will be considered as the

arrangement for which provision is to be made in the design.

Summary of Assumptions

For convenience the various assumptions made may be summarized thus:

1. Number of trains daily over each track assumed at 60 and 40.

2. Speed of all trains assumed at 50 feet per second or 34.1 miles per hour.
3. Design train taken as Cooper's E series with overall length of 4,000 feet.

4. Loadings as follows, Loading C being adopted for determining design values:

Loading A (conforming to equations) : All trains equal to full design load
trains.

Loading B: One-half of trains equal to design trains, one-half equal to

80% of design trains.

Loading C: One-third of trains equal to design trains, one-half equal to

80% of design trains, and remaining one-sixth composed of 100% engine
loadings and 80% uniform train loadings.
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Probability Equations for Use

Substituting n ^ 60 and v := 50 in Equations 4, 5 and 6, and dividing the right hand

side of the equation by 365 will give the following equations for use with the time inter-

vals expressed in years.

3.29 M ,,.

'^=t:+t. ^'^

237,000 if ,g.
^' ~ UL2 + LiU+L,L,

17,100,000,000 M ,g.

^* = UUU + UUU + uuu + uLzU

The factor M is introduced to care for variations of loading as previously indicated

or to make the equations appUcable for other values of w or t^.

As stated. Equations 7, 8 and 9 apply for v =1 50. Table 1 gives values of M to

make them apply for the critical impact speeds for single track bridges as approximately

determined by Mr. Hunley.

Table 2 is a tabulation of various loading combinations; it includes every case that

is physically possible for loading B and every case of any practical consequence for Load-

ing C.

Equations 7, 8 and 9 give time intervals for Loading A if M is taken, equal to 1.

Table 4 gives t,he values of M to use in these equations to get for the various cases of

Table 2 the time intervals for Loading B ; it also gives values of multipliers M^ by which

the time intervals for loading B should be multiplied to obtain the corresponding time

intervals for Loading C. (The original computations were carried out principally for

Loading B and it was found more convenient to get values for Loading C in this man-

ner rather than to make new independent computations for C).

To indicate the method of determining multipliers M and Af\ consider the values

of M for Cases 1 to 3 inclusive. For loading on any two tracks there are four possible

arrangements of loading that can be made ranging in order of magnitude from Case 1

which has 0.8 of a full design train on each track to Case 3 which has a full design train

on each track. Each of these arrangements is as probable as any other so that for a

total of four meetings of trains on these two tracks, the probability is that each of these

cases will occur just once, or each has a probability of %. The probability that Case 3

will occur is therefore J4 and the time interval multiplier therefore 4. The probability

that Case 2 will occur is also J4) but the probability that Case 2 or something larger than

Case 2 will occur is 2/4 giving a value of ikf = 2. Similarly the probability that Case la

or something larger will occur is ^ giving M r= 1.33 and that Case 1 or something larger

will occur is 4/4 giving M= 1.

Multipliers for all other cases are derived in a similar manner so that the multiplier

given for any case such as Case 20 has reference not to the probability that Case 20

will occur but to the probability that Case 20 or something larger will occur.

Application of Equations to Truss Moments »*

For simplicity it is convenient to take as unity the maximum moment in a truss

which results from placing the design live load on each track in such a position as to give

the maximum effect. The proportionate part of this maximum moment which is con-

tributed by the design load on each track is given in Table 3, (which table also gives
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similar values for floorbeam moments, hereinafter considered). Tracks are assumed

14 feet centers, stringers for each track 6 feet 6 inches centers and distance from center

line of a truss to center line of nearest track is taken as 9 feet. The tracks are numbered

according to the magnitude of the load contributed. Track 1 being the track which con-

tributes the greatest amount. Table 4 gives also for the various cases of Table 2 the

load on the truss contributed by the load on each track, placed so as to give maximum

effect.

The critical lengths for truss moments at center of span are now determined. First

the moments at center of span are calculated for various positions of the live load as it

moves across the span, and a "crawl diagram" prepared which shows the value of the

moment in percentage of the maximum possible moment for any position of the head of

the train. Such crawl diagrams were prepared for SO, 100, 200, 300 and 400 foot spans.

Diagrams 1 and 2 show them for SO and 300 foot spans. By scale from these diagrams

were obtained the critical lengths for various percentages. Then by use of Equations 7,

8, and 9 there were calculated the time intervals applying for various combinations of

loading on the several tracks on the span. Tables S and 10 for SO foot spans and 8

and 13 for 300 foot spans show the results of such calculations. Fig. 4, 9 and 14 show

the percentages for 50 foot spans plotted against time; Fig. 7, 12 and 17 show them for

300 foot spans. From these tables and diagrams there were next prepared Tables A to E
and Fig. A to D which show the values to be used in selecting suitable design percentages.

These tables and diagrams have been prepared on the basis that, as between the

probable time intervals for any designated percentage of load on a truss which may be

given by the various loading combinations 1 to 27 inclusive, only that one needs to be

considered which gives the smallest probable time interval. The correctness of this pro-

cedure, although not evident offhand, may be seen from the following analysis:

Consider first Cases 3, 11 and 27, which presuppose the full design load trains on

each track under consideration, and consider a four track span. It is clear that track 1

must in all cases be loaded because to leave it unloaded gives load percentages on the

truss too small to need any consideration in design regardless of the frequency with which

such percentages may occur. Track 1 being therefore loaded, a meeting at the bridge

can occur with a train on tracks 2, 3 or 4, with trains on tracks 2 and 3, 2 and 4, or

3 and 4, or with trains on tracks 2, 3 and 4. None of these possible meetings are inde-

pendent events, that is to say, only one of these meetings can take place with any one

train on track 1 passing over the bridge, consequently the only meeting which needs to

be considered is the one which has the greatest probability of occurrence, that is, the one

with the smallest probable time interval. The statement just made that "only one of

these meetings can take place" is not strictly accurate as it is possible to get, for instance,

a meeting between trains on tracks 1 and 2 such as to give the desired percentage load

on the truss, and a few moments later before trains on tracks 1 and 2 have entirely passed

over the bridge to get another meeting between trains on tracks 1, 2 and 3 of such a

character as to give the desired percentage, etc., etc. Each of these meetings could be

considered an independent meeting but for the purposes of this investigation it will be

considered that for each passage of a train on track 1 over the bridge only one meeting

takes place. Such a meeting may then give the load percentage desired for one contin-

uous period or it may give it successively for two or more periods intermittently. With

this meaning of the word "meeting" it is evident that as between Cases 3, 11 and 27 for

any designated load percentage on a truss only that case need be considered which gives

the smallest probable time interval.
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That this also holds true for all other cases will be clear upon a consideration of the

method used for determining the time interval multipliers M and M\ which has already

been described. The multiplier for Case 1 has reference to the probability that any of

Cases 1 to 3 inclusive will occur, that for Case 4 to the probability that any of Cases 4

to 11 inclusive will occur, and that for Case 12 to the probability that any of Cases 12

to 27 inclusive will occur. Therefore, as between any of Cases 1 to 3 inclusive, or be-

tween any of Cases 4 to 11 inclusive, or between any of Cases 12 to 27 inclusive, only

the case having the smallest time interval need be considered. As it has just been shown

that the same holds true as between any of Cases 3, 11 and 27, it therefore follows that

as between any of Cases 1 to 27 inclusive, for any designated percentage of load on a

truss we need consider only the case having the smallest probable time interval.

To show clearly the significance of the values in Tables A to E and Fig. A to D con-

sider the data for three track spans shown in Fig. B. The line designated as (2) shows

the values taken from Column 2 of Table B and gives the percentage values of maximum
loading which will probably be exceeded once every % year for the assumed condition.

The line designated as (3) shows the values which will probably be exceeded once a year

for the assumed conditions. Similarly the line (4) shows the values which will probably

be exceeded once in 50 years for these same conditions. During a period of SO years

therefore it may then be expected that the loading percentages will be as follows:

Number of Loading
Occurrences Percentage

SO between lines 2 and 3

49 between lines 3 and 4
1 greater than line 4

all others below line 2

The single occurrence larger than line 4 may be anywhere between line 4 and 100%
;

however, only once in 500 years will it be in excess of line S and it would seem therefore

that line S might reasonably be taken to indicate the maximum percentage which will

occur during a SO year life of the bridge.

The same reasoning applies to the values shown by lines 6, 7, 8 and 9. The follow-

ing statement can therefore be made with reference to all the diagrams:

Number of Loading Percentage Lies

Occurrences During ,. ,-

50 Year Bridge Life

50 between lines 2 and 3 between lines 6 and 7

49 between lines 3 and 4 between lines 7 and 8

1 between lines 4 and S between lines 8 and 9

all others below line 2 below line 6

DESIGN REQUIREMENTS FOR TRUSS MOMENTS

Fig. A, B, C and D clearly show that the proper design loading for a multiple track

bridge should be taken as a larger percentage of the maximum possible loading for a long

span than for a short span, thus confirming the conclusions reached by Mr. Hunley. The
increase in percentage with the span length is more marked as the number of tracks on

the span increases. Table E shows the loadings which determine these percentages and

it will be noted that for three and four track spans in general they are determined by

full live load on one track and uniform train load only on other tracks. The uniform

train load gives greater percentages of maximum moments for long spans than for short

spans so the proper design moment naturally increases with the span.
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Fig. A shows the percentage loadings for 2 track spans. It shows slightly smaller

percentages for short spans than for long spans but clearly not sufficiently smaller to

warrant any difference in design loading. Again the probable loadings are so little below

100 per cent that it would not be worth while to design such spans for less than the full

design loading on each track.

In selecting design loadings for three and four track spans some consideration should

be given to the ma.ximum probable loading which the span may be called upon to carry

during its life. Referring to Fig. B, C and D, line 5 represents this maximum probable

loading for ti = 60 and line 9 for n = 40. The two lines are identical except for spans

below 100 feet where there is an inconsequential difference between them.

Assuming that the overstresses for maximum probable loading are not excessive, it

seems reasonable to select for design loading percentages which will not be exceeded

more than once or twice a year. Different methods of specifying such design loadings

are available. Four such methods are here presented for consideration; Fig. B, C and D
show the percentages resulting from each method and Table F shows the corresponding

ratios between the maximum probable loading during the life of the bridge and the

suggested design loading.

Method 1

For bridges carrying two to four tracks provide for any two tracks loaded with the

specified live load or for any three tracks loaded with the specified live load on any one

track and the uniform train load on any other two tracks. The fourth track shall not

be loaded.

Method 2

For bridges carrying two to four tracks provide for any two tracks loaded with the

specified live load and any third track loaded with a percentage of the specified live load

equal to .25L where L is the length in feet of the portion of the structure which is loaded.

The fourth track shall not be loaded.

Method 3

For bridges carrying two to four tracks provide for any two tracks loaded with the

specified live load or for any three tracks loaded with a percentage of the specified live

load equal to 87 + .03Z, (or 82 -f- .045Z,) where L is the length in feet of the portion of

the structure which is loaded. The fourth track shall not be loaded.

Method 4

For bridges carrying two to four tracks provide for any two tracks loaded with the

specified live load, any third track with one half of the specified live load and any fourth

track with one fourth the specified live load.

Method 1 seems the most logical of all of those suggested. As on spans of three

tracks or more the only combinations of live load on the various tracks which can occur

with any frequency involve placing the uniform train load only on all except one track

it seems most logical that the design should be made for such a loading rather than for a

percentage of the maximum possible (but quite improbable) loading.

Method 1 would apply in case the designer were using a live load for design differing

from Coopers E series, whereas Method 2, 3, and 4 apply specifically only to Coopers E
type of loading and would need modification for any other type. An objection to the

use of Method 1 is that if wheel loadings are used in computing stresses it requires some-
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what more calculation on the part of the designer as he must for each stress to be deter-

mined make a separate calculation for the effect of engines and uniform train loading

combined and of uniform train loading alone. This objection does not apply if the

stresses are figured by the use of equivalent uniform loads.

Method 4 is perhaps a little simpler to apply than any of the others. As shown by

Fig. B, C, D, if the criterion for proper design be taken as the percentage of the maximum
possible loading which will be exceeded only once or twice a year, then this method gives

results somewhat too high for short spans and too low for long spans. If the criterion

for proper design be taken as the maximum probable loading which will occur once in

SO years, then, as shown by the ratios given in Table F, the design values given by

Method 4 can be considered equally as satisfactory as those given by Method 1.

Method 4 is the one preferred by the committee and the requirements of the new

specification conform to it.

For purposes of comparison there have been added to Fig. A to D the requirements

of the 1929 A.R.E.A. Railway Bridge Specification and of the 1932 Standard Specifica-

tions B-3001 adopted by the Chesapeake and Ohio, Erie, New York-Chicago and St.

Louis, and Pere Marquette Railway Companies. These two specifications have been

taken as generally typical of previous specification practice. It is of interest to note the

extent to which their loading requirements differ from each other and from the results

of this study.

Design Requirements for Shears in Girders and for Truss Web Members

The design requirements suggested have been worked out for moments near the

center of a span and would therefore apply for the design of flanges of girder spans and

of chords of a truss span. The question arises as to whether these same requirements

are suitable for the design of girder and truss webs.

Referring to Diagram 1 for a SO ft. span, it will be found that the critical lengths

for end shears of any given percentage of the maximum are consistently smaller than

the critical lengths for center moments of the same percentage. The same holds true to

an even greater degree for a 300 ft. span as shown by Diagram 2. The probable time

intervals for end shears of any given percentage of the maximum are therefore larger

than for center moments of the same percentage and it follows that any percentage design

requirement which is adequate for moments is also adequate for end shears. Again, ref-

erence to Diagram 1 and 2 shows that the critical lengths for maximum shears and for

end shears due to uniform load are both smaller than for moments, therefore the design

requirements by any of the methods suggested for moments are also adequate for end

shears.

Shears at intermediate points of a truss which determine the design of the web mem-
bers are yet to be considered. The center shears for various percentages of the maximum
were calculated for a 400 foot span and the critical lengths were found to be quite small,

so small that it was clear that even for very low percentages the critical length for center

shear could never exceed half the span length. The probability of getting a center shear

of any appreciable magnitude on a multiple track bridge is therefore so small as to be

negligible. If the J4 point shear is considered it is clear that the only shear which will

give a critical length of sufficient magnitude to need consideration is that resulting from

uniform train loads over the entire span. This shear would vary from about SO per cent

of the maximum for a SO foot span to 7S per cent of the maximum for a 400 foot span.

If the design requirements of Method 2 or 3 for moments were used and the loading

percentage taken for L = the loaded length = say ^ the span length, the percentages
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required for design would in each case be well in excess of the percentages just given.

The design requirements specified for moments are therefore adequate for shears at the

J4 point also.

It seems clear from the foregoing that any of the methods will give adequate design

for both end and intermediate shears and will therefore serve for the design of the entire

truss or girder.

Design Requikements for Floorbeams

As the maximum end shear of a floorbeam is always exactly proportional to the

maximum center moment for a girder having a span equal to twice the panel length, the

design loads previously determined are therefore proper for web design of floorbeams.

The floorbeam moments for three and four track bridges are given in Table 3. The

coefficients for a floorbeam of a four track, two truss span lie between those for the

trusses of a four track three truss span and a four track two truss span. It is clear

therefore that the design load previously determined, which is adequate for either of

these two trusses is also adequate for design of floorbeam in moment. For the three

track span the floorbeam moment coefficient for track 3 is greater than the truss load

coefficient for track 3, and those for tracks 1 and 2 are less, which means that for the

same condition of multi-track loading, the floorbeam moment as a percentage of the

maximum can never exceed the truss load. The design loads previously determined for

truss moments are therefore adequate for floorbeam moment.

Coiomn
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LIVE LOADS AND UNIT STRESSES FOR BRIDGE DESIGN

By Shortridge Hardesty

Until recent years, bridge specifications generally called for bridges to be designed

for existing live loads, using a conservative unit stress that, in the case of tensile stress

in structural carbon steel having a specified minimum yield point of 30,000 pounds

per square inch, ordinarily was 16,000 pounds per square inch. For unusual stress com-
binations such as wind with dead, live, impact, and centrifugal, an increase of 25 per cent

was generally allowed ; and still higher stresses were permitted when secondary stresses

were included. This procedure resulted in satisfactory structures, excepting that, as the

live loads increased, certain members—particularly web members of trusses—reached their

capacity sooner than other portions. This weakness has largely been eliminated from

recent designs by requiring that the strength of such members be checked with a heavier

live load, thus making them more or less on an equality with the remainder of the

structure so far as overload capacity is concerned.

Live loads have increased greatly during the past 30 or 40 years; and, as a result,

older structures have been overstressed. In determining whether it is safe to keep such

a structure in service, it is necessary to check the stresses under the actual loads passing

over it, taking into account not only dead load, live load, and impact, but also wind loads

and all other possible forces; and secondary stresses as well, if they happen to be large.

Under such loadings a basic tensile stress in structural carbon steel of from 24,000 to

26,000 pounds per square inch has been permitted in well-designed structures in good

condition, due allowance being made for any loss of section through rusting or otherwi?e,

and proper reductions in the case of poor details or high secondary stresses. Experience

has shown that it is safe to keep structures in service under such stress conditions, pro-

vided that they are subject to careful maintenance and inspection.

The fact that the capacity of an old structure is checked by determining its ability

to carry increased loads at high unit stresses has led to the suggestion that the best-

balanced designs would be obtained if structures were designed in the first place for such

increased live loads and high unit stresses. A number of recent specifications have there-

fore provided for the use of live loads much greater than those now operating, and basic

tensile unit stresses in structural carbon steel of various high values up to 24,000 pounds

per square inch.

In the usual railway fixed bridge, where every member has a considerable live load

stress, the foregoing basis of design automatically insures that the stresses throughout the

structure under the actual live loads will be conservative. In less usual structures, how-

ever, there frequently are important members carrying little or no live load, and the

total unit stresses in such members under the present live loads may approach the 24,000-

pound basic allowance when the structure is first put into service. Since the securng of

moderate unit stresses under the present live loads is therefore not assured by the pro-

posed method, it is necessary, before considering its use, to determine whether high unit

stresses from the time the structure is first put into service are permissible.

In the case of rating an existing bridge, the actual live and dead loads are known.

The structure is subject to the inspection and check of engineers who understand that

it is stressed about to the limit, and are on the lookout for signs of failure. If any

members or details are weak or defective, due to faulty design or construction, or other-

wise, this fact will be known, and such weak parts strengthened or watched carefully.
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Again, any loss of section through deterioration will be known, and properly allowed for.

Furthermore, the fact that the structure has little reserve strength for the future is of

no importance. None of these conditions applies to a new bridge. Its design should be

such that it can be put into service with the confident knowledge that all portions have

sufficient strength to meet any demands for many years to come. This means that every

member should have some reserve strength, and therefore should be stressed initially to

a figure somewhat lower than the limiting 24,000-pound stress. This lower figure, which

should not be exceeded initially in any member, is evidently the logical basic unit stress

for design.

In order to determine this basic unit stress, it is necessary to consider the various

factors that necessitate its being placed below the 24,000-pound limiting figure. The more

important of these factors are:

Bridges in general will not receive such close inspection and attention as old bridges

that are known to be stressed to near the limit ; nor should such close inspection

be necessary. The margin of strength on this account, to provide equal safety,

should be perhaps 10 or 15 per cent.

There should be some reserve for deterioration—say 2 to 5 per cent.

Not all design and construction work can be expected to be perfect. A slight margin
must be allowed on this account.

In spite of all care, there will occasionally be overruns in dead load, which may in-

crease by a substantial percentage the stresses in members carrying mainly dead
load.

The weight of the deck may be increased at some future date or utilities or power
and signal lines added. Such a change is not likely to increase dead load stresses

in a railway bridge more than 2 or 3 per cent, but the effect in a highway bridge

may be much greater.

Summing up the foregoing effects, it is evident that a new bridge should be designed

to have a strength from one-third to one-fifth higher, so far as existing loads are con-

cerned, than that which would be required in the case of rating an existing structure

for the same loads. This means that the basic tensile unit stress should be from 3/4 to

5/6 of 24,000 pounds per square inch, or from 18,000 to 20,000 pounds per square inch.

It was mentioned in the first paragraph of this article that usual specifications have

allowed 16,000 pounds per square inch without wind, and 20,000 pounds per square inch

when wind is included. The conclusions of the foregoing paragraph suggest that the

lower figure is unnecessarily conservative, while the second should be about right. It

would, therefore, appear logical to use 18,000 pounds per square inch for the basic tensile

unit stress without wind, and allow an increase of about 10 per cent when wind is

included.

After a structure has been designed on the foregoing basis, the entire design must

then be checked for a higher live load, using a 24,000 pound basic tensile unit stress.

This increased live load may be specified to meet either of the following conditions:

1. The increase may be so selected for each .span that it will produce a 24,000-

pound unit stress in the chord members already determined on the 18,000-pound
basis.

2. The increased loading may be the same for all spans, being so selected as to meet
Condition No. 1 for ordinary spans as nearly as possible.

The first method is entirely logical in its application to any one span, but it has the

disadvantage of requiring varying live loads for different spans. As the span length in-
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creases, so does the dead load per foot, and therefore the percentage of live load that

may be added without increasing the dead-plus-live total by more than a given percentage:

Hence different spans on the same road, or even in the same bridge, would have unequal

future live load capacities. The second method has the disadvantage of requiring in-

creases in all members of bridges of less than a certain determinable span length; never-

theless it appears to be a logical solution.

Either method involves some approximation where the basic unit stress is less than

the limiting one. The first method was adopted in Article 305. For a span in which

the live load is twice the dead load, this Article would permit of a fifty per cent increase

in the live load. If the live load is five times the dead load, a forty per cent increase

in live load would be permitted. This would take in the usual range of span lengths

and of course such increases in live loads would be ample.

If secondary stresses are computed, an increase of 6,000 pounds per square inch would

appear reasonable on the 18,000 or 20,000 pound basis, and 8,000 pounds per square

inch on the 24,000-pound basis. The use of the following unit tensile stresses in struc-

tural carbon steel would therefore be justified:

1. Normal live loads and basic unit stresses

Secondary Stresses Secondary Stresses

Omitted Included

Dead, Live, Impact, Centrifugal 18,000 24,000

Dead, Live, Impact, Centrifugal, combined
with Lateral and Longitudinal 20,000 26,000

2. Increased live loads and higher unit stresses

Secondary Stresses Secondary Stresses

Omitted Included

Dead, Live, Impact, Centrifugal, combined
with Lateral and Longitudinal 24,000 32,000

Article 218 permits secondary stresses in tension members up to 4,000 pounds per

square inch without increase of section. If secondary stresses of that amount occur in a

member subject to the combination described in Article 217, there is a possibility of

a momentary combined stress of 18,000 plus 4,500, plus 4,000, or 26,500 pounds per square

inch. For larger secondary stresses this momentary combination reduces rapidly to and

below the stress of 26,000 allowable given above.

For railway bridges, the normal live load, if made merely equal to that from the

heaviest existing engines, presumably would be the Cooper's E-70 or some equivalent

loading. It was thought preferable to go slightly higher—to the Cooper's E-72—in order

to provide for the contingency of small increases in the near future. In making this

choice of normal live load, it should be borne in mind that the impact formulas hereto-

fore used probably are too high, and that some reduction has been made in the formulas

adopted in Articles 206 and 207. It must not be forgotten that our experience relative to

the carrying capacities of bridges is based mainly on structures rated in accordance with

the impact formulas heretofore used, and that a reduction in impact will logically call for

a live load assumption amply on the safe side.

The increased live load for which provision is made should be, as has been previously

stated, from forty to fifty per cent greater than the normal loading. These values lead

to a loading somewhere between Cooper's E-lOO and E-108.

The fact that the specified minimum yield point of structural carbon steel has been

raised from 30,000 pounds per square inch to 33,000 would not justify the increasing
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of the basic stresses already discussed; for nearly all the steel now under observation in

existing bridges, while furnished under the 30,000-pound requirement, meets the 33,000-

[lound figure, and the steel secured under the new requirement will on the average be

uractically the same material.

IMPACT IN STEEL RAILWAY BRIDGES
By J. B. HuNLEY

The amount of impact in railway bridges has been a subject of much study and in-

vestigation. Many tests have been made, from which the various impact formulas have

been derived. Usually these formulas are a mathematical expression of some line or

curve, enveloping the maximum measured impact values obtained experimentally with one

or several classes of locomotives, running at various speeds over spans of different lengths.

The lower values were frequently ignored, although bhey may have been quite as logical

as the higher values, had we known enough about the theory of vibration to have inter-

preted them.

The formulas in most general use e.xpress the amount of impact in terms of span

length only, although fihe length of the span may be of importance only in so far as it

affects certain other factors. They assume that all locomotives will produce the same

amount of impact on any span of a given length, disregarding altogether the particular

characteristics of the locomotive to be used or of the span being investigated. In many
if not all cases, the experimental values upon which the formulas were based were ob-

tained witlh a comparatively light load, and the measured impact under such a condition

of loading may be very much larger than the impact which would result from the same

locomotive, if the span were heavily loaded, and we are only interested in knowing the

amount of impact when the span is so loaded that the stress begins to approach the

maximum permissible stress. Any impact formula which ignores the locomotive and span

characteristics, or the ratio of load to span capacity, can only be misleading, and while

it may not be so objectionable for designing new bridges, it is totally unsuited for use in

determining the capacity of existing structures.

The dynamic addition to the static effect of locomotives and cars on railway bridges

is due largely to any one or combination of the following:

(1) A periodic alternating force, produced by that portion of the counterweight on
the locomotive drivers, which has been provided to counterbalance seme portion

of its reciprocating parts.

(2) Low joints or other track irregularities, and eccentric or rough wheels.

(3) Smoothly rolling loads, such as electric locomotives, which have no unbalanced
rotating parts.

(4) The vertical oscillation of that portion of the cars which is spring borne.

(5) The rolling or swaying of the locomotives and cars. While the force so pro-

duced may be periodic in nature, on bridges it may be considered as a static

force, and be provided for by an increase in the static live load.

The overbalance on fhe drivers of the two-cylinder steam locomotive causes the

largest amount of impact in most spans. The force produced by these rotating weights,

which for the lack of a better term is called the hammer blow, varies directly with the

amount of overbalance, and with the square of the speed. On short spans, this force

acts simply as a static force; on longer spans, its effect is magnified, particularly when

synchronism occurs, that is, when the period of the revolutions of the locomotive drivers

become about the same as the period of the natural or free vibrations of the loaded span.
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These facts have been known and recognized for many years, but it is only recently

that students of this problem have drawn upon theory to explain and predict the amount

of magnification of the hammer blow which may be expected on various spans. Once

having a method of determining tihe degree of dynamic magnification, the impact effect

of any locomotive with a known overbalance on any span can be estimated with accuracy.

We first meet with an effort to account by theory for the effect of each of the various

impact producing forces acting on the bridge in the report of the Committee on Bridge

Stresses for the Department of Scientific and Industrial Research, published at London,

in 1929. In this report, the subject of impact is dealt with in an entirely new and

illuminating manner, the test data being used primarily for the verification of theory.

We find that the amount of magnification of the effect of a given hammer blow depends

upon:

(1) The relation between the speed of the locomotive, in revolutions per second, and
the natural frequency of the loaded span, that is, the degree of synchronism.
Heavily loaded spans vibrate more slowly than lightly loaded spans, conse-

quently the synchronous speed is lower when the span is heavily loaded, result-

ing in a smaller amount of hammer blow and less impact.

(2) The amount of damping present, that is, internal or external forces opposing
vibration. It is unfortunate that no attempt has heretofore been made to ex-

amine this most important factor, for it is now quite evident that, with a suf-

ficient knowledge as to the amount and kind of damping present, the dynamic
effect of any locomotive of known weight and counterbalancing, on any simple

span, can be closely estimated.

For some time, there has been a question in the minds of many engineers as to the

validity of the present impact formula, and about the time the British Report was pub-

lished the matter of using heavier power on some of the lines of the Cleveland, Cin-

cinnati, Chicago and St. Louis Railway was under consideration. Several bridges, ap-

parently in good condition, but when rated in accordance with generally accepted practice,

were found to be inadequate for the increased loading without speed restriction. Speed

restrictions or renewals are costly, and theory appeared to be so well-substantiated by

the British tests that it seemed well worth while to determine experimentally if possible,

the actual effect of the locomotives in question on these spans. About IS structures were

involved, and the tests were started during the summer of 1931. The renewal of these

spans has been indefinitely postponed, as most of them were found to be of ample capacity

to take the desired loading without restriction.

A study of the early tests revealed the possibility of obtaining more valuable infor-

mation as to the effect of moving loads on bridges than the mere recorded impact, caused

by a particular locomotive on some span, and additional tests were made when the time

and force were available. There were a total of 39 spans tested, wfhich ranged in length

from 40 to 547 feet, and the deflectometer records numbered about 2,100.

The equipment used and the bridges tested differed materially from those used in

the British tests, but the results agreed quite as well with theory, and these tests were

the basis of the new impact formula which appears in the revised Specifications for Steel

Railway Bridges submitted by Committee XV for adoption by the Association. In Sep-

tember 1933 there was sent to the members of that Committee a short discussion on the

subject of impact, with an explanation of the method used in arriving at the suggested

impact allowance. It will be observed that the impact is again expressed in terms of

span length, but this is done only as a matter of convenience, as all of the factors and

causes of impact were taken into account in calculating the impact values for various

span lengths. Typical deck girder and through truss spans were assumed, and the

amount of impact under the condition of capacity loading was estimated, using the
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damping constants which had been obtained experimentally on similar spans. The as-

sumed live load, and ratio of locomotive hammer blow to live load, are about the maxi-

mum that may be expected, and the impact formula as recommended includes an allow-

ance for the effect of low joints or other track irregularities, and the vertical oscillation

of freight cars. It is believed that it will amply provide for all forms of impact in open

deck steel railway bridges of simple span.

Unfortunately, it has been impossible to publish in Bulletin form a complete report

of tihe tests, but it wUl appear in the near future. This report will also include an ex-

planation of the derivation of the recommended impact formula for designing, and a

suggested method of estimating the amount of impact in existing bridges. In the mean-

time, the test data may be examined by anyone who wishes to do so.

THE NET SECTION OF RIVETED TENSION MEMBERS
By C. H. Chapin

Since the net section of a riveted tension member is more a matter of detail than of

design and involves the man without thorough technical training as well as the experi-

enced designer, it is of prime importance that any method or formula devised for its

determination be of such form that but one interpretation of its meaning can be made

by draftsman, checker and designer and that it can be applied intelligently to all cases

with the least possibility of error. In its search for an unquestionably accurate method

of this type for inclusion in the revised Specifications for Steel Railway Bridges, which

will be submitted to the Association at the annual meeting in March, 1Q3S, Committee

XV devoted a great amount of time during the past three years to a rather compre-

hensive survey of the material relating to this subject that has been put forth, and, after

sifting the evidence, believes that its recommendation will meet with the favor of all

who may have occasion to determine net sections.

Previous to the last quarter-century and in many cases since that time, the weak-

ening effect of a staggered rivet hole in a riveted tension member was determined by one

of several rules of thumb. The writer recalls one office in which it was considered that

the strength of a member was not decreased by staggered holes if the net width of the

member measured on a zigzag section through the holes equaled the net width on a rieht

section from which only the holes that appeared in that section had been deducted; other

specifications required that the former exceed the latter by a certain percentage, while

still others required that all holes within a specified distance of a right section be de-

ducted. None of these methods was based on either logic or experiment and the re-

sults obtained by their use varied so greatly that almost any desired result could be

obtained by selecting the right rule.

Victor H. Cochrane was probably the first to point the way to the theoretically cor-

rect solution of the problem in an article that appeared in Engineering News April 23,

1908. Mr. Cochrane considered both the shear and tension that exist on a diagonal

plane and deduced a formula from which can be obtained the value of the pitch that,

for a given gage, reduces the weakening effect of a staggered hole to zero. In the issue

of May 6, 1915, of the same journal, T. A. Smith carried Mr. Cochrane'? deductions

still further and presented the rather complicated formula

—

g 2(g^-f 5'— A Vg'-f 5')

^- h h{g-{- Vg'-f 45=)

In which x = the fractional part of a hole to be deducted

g= the distance between gape lines in inches

5= the pitch or stagger in inches

h = the diameter of the hole which is to be taken as one-eighth inch

larger than the nominal diameter of the rivet.
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This formula, known as the Cochrane-Smith formula, is theoretically correct and

values obtained from it have been verified by numerous tests both in this country and

in Germany. It easily heads the list of net section methods or formulas that have been

proposed but its complexity barred the formula itself from use in the drafting room.

This was partly overcome, however, by a chart, also prepared by Mr. Smith, from

which values of x can be read directly but as the diameter of the hole appears in the

expression, it is readily seen that a separate chart is required for each size of rivet. With

three or four charts having very much the same appearance there is always the possi-

bility that the wrong one will be used and this, in the writer's opinion, is the only

objection to the Cochrane-Smith formula. It does, however, serve as an excellent tar-

get at which to shoot with simplified methods.

Bulletin No. 6, of the University of Toronto, contains an interesting account of

a series of tests of drilled plates performed by Prof. C. R. Young and W. B. Dunbat.

The results of the tests convinced Prof. Young that certain modifications should be made

in the Cochrane-Smith formula but after doing so the results obtained agree very well

with those obtained with that form.ula, particularlj' in the smaller gages. The te=ts,

however, have not been considered sufficiently extensive to overthrow the Cochrane-

Smith formula but they do provide another scale of comparison.

Various other methods for the determination of net sections have been introduced

from time to time, two of which seem to have become more prominent than the others,

namely, the rule adopted in the 1920 Steel Railway Bridge Specifications of the A.R.E.A.

and the Steinman rule or the Steinman rule modified. The former stipulates that "the

net section of riveted tension members shall be the least area which can be obtained by

deducting from the gross sectional area the areas of holes cut by any perpendicular to

the axis of the member and parts of the areas of other holes on one side of the plane

within a distance of 4 inches, which are on gage lines one inch or more from those of

the holes cut by the plane, the parts being determined by the formula: A^ {1 — p/4)

where A == area of one hole and p = distance in inches of the center of the hole from

the plane". Although this rule has appeared in the A.R.E.A. specifications for some

years, its foundation is extremely questionable and its further use was not considered

by Committee XV.

The Steinman rule, proposed by D. B. Steinman in the Engineering News of June 14,

1917, involves the net section on diagonal lines and was stated as follows: "The net

section of a plate or shape shall be defined as the least section obtainable across the rivet

holes, square or zigzag, taking every net distance in a diagonal direction at 85 per cent

of its value, except where 85 per cent of the distance is less than the square projection,

in which case the latter shall be used instead". In 1929, the Joint Committee, composed

of members of the A.R E.A. and A.S.C.E., adopted a similar rule for its General Specifi-

cation for Steel Railway Bridges but stipulated that 85 per cent be changed to 90 per

cent. This rule has come to be known as the 90 per cent rule.

During its study of the subject, in connection with its proposed Specifications for

Steel Railway Bridges, Committee XV considered all of the formulas and methods noted

in this discussion as well as several others of lesser note and, after due deliberation, it

adopted tentatively the 90 per cent rule. At first glance this would appear to have been

a wise decision since the rule is a method rather than a formula, and, therefore, more

easily remembered without reference to the text, and the results obtained by it ap-

proximate very closely those of the Cochrane-Smith formula.
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Further investigation of its use, however, proved to be rather disappointing. Some

felt that the wording was not conclusive and an attempt to make it so resulted in a

statement too involved for practical use in the drafting room. It was also found that

the elimination of the calculation of net distances required the use of cumbersome tables

and, since the net distance between holes involves the diameter of the hole, several table?

of very much the same appearance would have to be employed.

While the 90 per cent rule was still under discussion, another formula was brought

to the attention of the Committee. It will be called here the Cochrane 1922 formula

since it was deduced by Mr. Cochrane in the Engineering News-Record of November 16,

1922 for the purpose of introducing a simplified formula that gives approximately the

same results as the Cochrane-Smith formula. As originally deduced by Mr. Cochrane,

the weakening effect of a staggered rivet hole is given by the formula:

w ^ h— s'/4g

in which w = the width in inches of a strip to be deducted from a transverse section

through one hole because of the weakening effect of a staggered hole, h = the diameter

of the hole (H inch larger than the nominal diameter of the rivet), 5 =: the stagger or

pitch in inches and g ^ the gage distance between the holes in inches.

The Cochrane 1922 formula was adopted by the A.S.C.E. in 1923 but seems to have

gained no wide popularity. In 1929 the A.R.E.A. used it in a modified form for its

Highway Bridge Specifications but it would appear that some difficulty was experienced

with its wording and that an attempt was made to clarify it. In so doing, however,

the real practical value of the formula was lost because the revised wording required

that the formula be written; x^^l — s'/4gh in which x is the fractional part of a hole

to be deducted from the transverse section. Charts or tables giving values of s^/4gh can,

of course, be made but since the term contains the diameter of the hole, h, it is readily

seen that here again several charts or tables (one for each size of rivet) would have to

be employed. It is to be noted too that x is the fractional part of a hole which mus.t

be multiplied by h before it can be used to determine the net section. Multiplying the

Highway Specification formula by h gives the Cochrane 1922 formula.

The writer is not prepared to state positively that the Cochrane 1922 formula, in its

original form, will apply to every case that may appear with the use of but a single chart

but over a period of about nine years he did not encounter one to which it did not. tt

appears, therefore, that the reason it has not been used more extensively is because it

was not thoroughly understood rather than because it did not adapt itself readily to

practical problems.

When thinking of the net section of a member containing a zigzag chain of holes,

it is a common error to think of a transverse plane, extending across the member, defi-

nitely fixed through a certain hole or line of holes and to then consider the location of

all other holes in the chain with respect to that plane. Instead, one should have in mind

the gross width of the member from which is to be deducted the combined weakening

effect of all the holes in the chain as determined by the several applications of the

formula. It must be borne in mind, too, that the holes are to be taken in succession as

they appear in the chain starting from one edge of the member and that in the applica-

tion of the formula to a particular hole the values of 5 and g arc determined by the loca-

tion of that hole relative to the preceding one considered.
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To illustrate the application of the Cochrane 1922 formula to a chain of holes, con-

sider the chain 1, 2, 3, 4 in Fig. 1. Starting at 1, the gage spaces B and F would each

be reduced by ^ h; gage space C would be reduced by an amount h— A'/AC; D would

be reduced by h; and E would be reduced by h— G'/4E. Then the gross width minus

the sum of the five deductions equals the net width. Similarly with the chain 1, 3, 4,

gage spaces B and F would each be reduced by yih; gage space (C -\- D) by

h— i4V4(C + -D) and E by h— GV4£. If these sections had been taken in reverse

order, the results would, of course, have been the same.

,
. A. J

Fig. 1.—Net section of Riveted Tension Members.

The application of this formula is extremely simple when once understood and,

unlike most methods, it requires no calculating other than the addition of the deduc-

tions. Since the term //4g is not dependent upon the diameter of the hole, a single

chart or table can be made from which the value of the term can be read regardless of

the size of the rivets being used. The writer prefers a chart. After some experimenting,

the chart shown in Fig. 2 was developed and answers the purpose very successfully

although it departs somewhat from the conventional inasmuch as the ordlnates are the

quantities sought. The abscissas are values of the gage and the curves are values of

the stagger.

This demonstration of the Cochrane 1922 formula is given in some length because

Committee XV discarded the 90 per cent rule in favor of one based on this formulb

and it was felt that a clear understanding of the original Cochrane formula would

facilitate the use of the method proposed.

As finally adopted for inclusion in the proposed A.R.E.A. Railway Bridge Specifi-

cations, the net section of a riveted tension member is defined as follows:

"The net section of a riveted tension member is the sum of the net sections of its

component parts. The net section of a part is the product of the thickness of the part

multiplied by its least net width.

"The net width for any chain of holes extending progressively across the part shall

be obtained by deducting from the gross width the sum of the diameters of all the hole.s

in the chain and adding, for each gage space in the chain, the quantity

4f

s = pitch of any two successive holes in the chain

g '= gage of the same holes.
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"The net section of the part is obtained from that chain which gives the least net

width.

"For angles, the gross width shall be the sum of ihe widths of the legs less the thick-

ness. The gage for holes in opposite legs shall be the sum of the gages from back of

angle less the thickness.

"For splice members, the thickness shall be only that part of the thickness of the

member which has been developed by rivets bt-yond the section considered.

"The diameter of the hole shall be taken as ]/& inch greater than the nominal diam-

eter of the rivet."

Which is the Cochrane 1922 formula in a 1935 dress.
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CHART FOR USE WITH NET SECTION FORMULA

from transverse S«cV>on +o allow -for

v»«altcni«3 e'f'fec'f of o. sWagcrcA riv«.i

nomirwkl oia>^ci«r ol nvcT

puciaing \tc\i considered-
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Fig. 2.—Net section of Riveted Tension Members.
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To the American Railway Engineering Association:

Your Committee respectfully reports on the following subjects:

(1) Revision of Manual (Appendix A).

(2) Simplification of grading rules and classification of timber for railway uses,

collaborating witii other organizations concerned (Appendix B) . Progress Report.

(3) Overhead wooden or combination wooden and metal highway bridges, collab-

orating with Committee VIII—Masonry and XV—Iron and Steel Structures (Appendix

C). Progress Report.

(4) Design of wooden trestles for heavy loadings (Appendix D). Progress Report.

(5) Bearing power of wooden piles, with recommendation as to methods of deter-

mination, collaborating with Committee VIII—Masonry. Progress in study—No report.

(6) Recommended relationships between the energy of hammer and the weight or

mass of pile for proper pile driving, to include concrete piles, collaborating with Com-
mittee VIII—Masonry. Progress in study—No report.

(7) Improved design of timber structures to give longer life with lower cost of

maintenance (Appendix E) . Progress Report.

(8) Design of and specifications for washers, separators, cap-stringer straps and

other wooden bridge and trestle fastenings. Progress in study—No report.

The Committee on Wooden Bridges and Trestles,

H. AusTiLL, Chairman.

Appendix A

(1) REVISION OF MANUAL

D. W. Smith, Chairman, Sub-Committee; F. H. Cramer, W. E. Hawley, Arthur Ridg-

way, G. C. Tuthill.

The Committee has no specific recommendations for changes this year but calls atten-

tion to an error in the July-August, 1934 Supplement to Manual of 1929.

By action of the Convention of 1934 paragraphs 13 and 19, page 466 of the Manual,

were changed to omit the last sentence.

Present Form

13. Caps shall be sized and brought to

a uniform thickness and even bearing on
piles or posts. The side with most sap

shall be placed downward.
19. Stringers shall be sized to a uniform

depth at supports. The edges with most
sap shall be placed downward.

Bulletin 374, February, 1935.

Proposed Form
13. Caps shall be sized and brought to

a uniform thickness and even bearing on
piles or posts.

19. Stringers shall be sized to a uniform
depth at supports.

781
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Appendix B

(2) SIMPLIFICATION OF GRADING RULES AND CLASSIFICA-
TION OF TIMBER FOR RAILWAY USES, COLLABORATING
WITH OTHER ORGANIZATIONS CONCERNED

W. E. Hawley, Chairman, Sub-Committee; H. M. Buell, H. M. Cliurch, G. M. Cornell,

C. J. Hogue, J. A. Newlin, A. T. Upson.

The following recommendations and tentative grading specifications for softwood

and hardwood lumber and timber, for use where known loads are to be encountered and

safe unit working stresses employed in design of railway structures, are the results of

study by railway engineers and lumber manufacturers and the latest research and publi-

cations of the U.S. Forest Products Laboratory. They do not depart in engineering

principles from the information on structural timber now included in the AREA Manual

of 1929, pages 505 to 551. They will, however, greatly simplify the specification and,

it is believed, make for economy in the purchase of structural lumber and timber for

railway purposes, for reasons that:

1. Structural grades are described, and may be specified and purchased, in terms of

the requirements of design and use; that is, in terms of stress-grades of specified

safe unit working stresses in extreme fiber in bending, horizontal shear, compres-

sion with and across the grain, and modulus of elasticity, as may be required by
the design of the structure in question.

2. In determining what different standard stress-grades thus to provide for railway

use, not only were the requirements of design of railway structures taken into

consideration but also the inherent characteristics of the various structural

woods available in most domestic markets, limitations of their manufacture at

the sawmill and methods of their distribution.

3. They reconcile scientific engineering requirements and practical commercial man-
ufacturing conditions.

4. The general grading provisions and the stress-grades, hereinafter presented, are

based upon correct principles of strength-grading of structural timbers. They
take into account present commercial grading practice of the regional lumber
manufacturers associations, whose standard association grades are in conformity,

generally, with the general provisions for grading and these stress-grades. Re-
gional lumber manufacturers associations do now, or have promised early to,

either designate their standard grades in terms of safe allowable stress in fiber

or in compression parallel to the grain, as the case may be, or incorporate in

their present grade designations, the safe allowable stresses of the grade.

Your Committee believes, therefore, that the following specifications represent a basis

for thorough, sound standardization of structural lumber and timber grading; that they

will eliminate the present confusion existing in the specification and purchase of structural

timbers; and that they will enable the railways to purchase structural timbers more

economically and use them more scientifically than under present AREA Recommended

Practice or commercial grading rules.

Your Committee urges that during the coming year members of the Association and

lumber manufacturers study the following specifications and cooperate in trying them

out in the design, grading, purchase and sale of structural lumber and timber, to the end

that they may be revised and improved as need be and in 1936 be substituted for the

specifications now in the AREA Manual.
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SCOPE OF REPORT

This report is offered as a tentative revision of the material on structural timbers

appearing in the AREA Manual, 1929, pages SOS to 551 inclusive, and page SS8 through

the middle of page 560. Your Committee does not recommend appropriate revision of

"Classification of Uses of Timber and Lumber under American Railway Engineering

Association Specifications", pages 552 to 557 inclusive, pending Association action and

approval of these recommendations. This tentative Recommended Practice therefore

comprises:

(a) Introduction to Structural Timber Rules;

(b) General Grading Specifications Applicable to all Stress-Grades and Items;

(c) Recommended Uses, Sizes, Stress-Grades and Working Stresses for Structural

Joist and Plank, together with appropriate individual Stress-Grades for each

structural wood;

(d) Recommended Uses, Sizes, Stress-Grades and Working Stresses for Structural

Beams and Stringers, together with appropriate individual Stress-Grades for

each structural wood.

(e) Recommended Uses, Sizes, Stress-Grades and Working Stresses for Structural

Posts and Timbers, together with appropriate individual Stress-Grades for each

structural wood.

(f) The principles of the strength-grading of structural timbers are excerpted from
U.S. Department of Agriculture Miscellaneous Publication No. 185, by T.R.C.
Wilson, Senior Engineer, Forest Products Laboratory, February 1934 entitled

"Guide to the Grading of Structural Timbers and the Determination of Work-
ing Stresses". These form the basis for the formulation by the Committee of

these recommended tentative AREA structural grading specifications and stress-

grades. They may also be used by the railway engineer, should he desire to

prepare specifications and purchase stress-grades, or species, not hereinafter

included.

The stress grade designations are (except for western larch and Inland Empire

Douglas fir) the stresses recommended by the Forest Products Laboratory for these grades

used in an inside dry location. Except for joists and plank the same stress would be sale

for exposed conditions before any deterioration has taken place.

The amount of the reduction of stress necessary to take care of depreciation before

replacement is dependent upon a number of factors some of which are enumerated on

the last page of this report and is left to the judgment of the engineer.

Joists and plank grade-stress designations assume dry material under conditions such

that it will remain dry. If this material is to be used in exposed conditions the stresses

should be reduced, the amount of the reduction varying from 20 per cent for clear mate-

rial to for a 50 per cent grade, in addition to any reduction in stress to take care of

deterioration before replacement.

As a guide to the engineer the following is quoted from Miscellaneous Publication

No. 185:

"Higher initial strength than would otherwise be required is desirable in timbers

exposed to decay or other deterioration in order to offset the effects of deterioration and
delay replacement. It may be provided by arbitrarily increasing the size of the timbers

or by using lower design stresses. The tables of stresses previously published by the

Forest Products Laboratory included values for three types of exposures. Ratios among
stresses for the different exposures as given in these tables varied somewhat with species

but averaged approximately as indicated in Table 9.
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Table 9—Average Ratios Among Stresses for Different Exposures

Type of exposure

Continuously
dry or Occasionally More or less

continuously wet but continuously

Kind of stress submerged quickly dried damp or wet
Per Cent Per Cent Per Cent

Stress in extreme fiber in bending 100 85 71

Stress in compression perpendicular to grain 100 70 58
Stress in compression parallel to grain 100 92 78

Stress in horizontal shear 100 100 100

Modulus of elasticity 100 100 100

"The 'occasionally wet but quickly dried' classification applies to timbers in outside

'ocations but not in contact with the soil as in open deck structures of railway trestles.

In such instances the material is subjected to wet or moist conditions at intervals but may
be expected to dry quickly enough that the decay hazard is only moderate. The 'more
or less continuously damp or wet' classification covers material, such as piling, sills, or

dock timbers, where wet and drier conditions alternate with the drying taking place

slowly so that the average moisture condition is more favorable to decay."

INTRODUCTION TO STRUCTURAL TIMBER RULES

1. The following rules for stress-grades of structural material conform to the prin-

ciples of strength-grading as presented in U.S. Department of Agriculture's Miscellaneous

Publication No. 185, "Guide to the Grading of Structural Timbers and the Determination

of Working Stresses".

2. The following specifications represent complete grading rules capable of use in

both engineering design and lumber purchase, and incorporate all factors affecting the

strength and utility of structural timbers and their method of grading.

3. Existing commercial grading rules of the regional lumber manufacturers asso-

ciations are in conformity, generally, with the principles of structural grading hereinafter

presented and provide for grades of equal or higher working stresses. These specifications

may, therefore, be used for mill orders, or for selection or appraisal of stock on hand in

either manufacturers', distributors' or users' storage yards.

4. An engineering or purchase specification for structural timbers should clearly

stipulate

:

(a)' Quantity in board-feet or number of pieces;

(b) Stress-grade;

(c) Species;

(d) Item;
(e) Thickness, width and length

;

(f) Whether rough, or dressed and the extent of dressing;

(g) Square edge, if wane is not permitted (usually a special grade)
;

(h) Any heartwood requirements;

(i) "In accordance with AREA Specifications", adding reference to the commer-
cial grading rules of the regional lumber manufacturers association concerned

where the commercial grade supplies material of equal or greater stress value

than the AREA stress-grade under consideration.

Example 1 : 20,000 bd.ft. 1400lf Tidewater Red Cypress Structural Joist and Plank,

3" X 12" X 20', S4S, 85 per cent heartwood, in accordance with AREA Specifications and

current rules of Southern Cypress Manufacturers Association.

Example 2: 140 pieces 1600Sf Close-Grained Douglas Fir Structural Beams and

Stringers, 8" X 16" X 24', SlSlE, Square edged, sapwood permitted, in accordance with

AREA Specifications and current rules of West Coast Lumbermen's Association.

Example 3: 48 pieces 1300ffc Dense Shortleaf Southern Pine Structural Posts and

Timbers, 12" X 12", S4S, sapwood permitted, in accordance with AREA Specifications

and current rules of Southern Pine Association.
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GENERAL GRADING SPECIFICATIONS

Applying to All Stress-Grades and Items

(Except as Noted)

1. Manufacture

All material shall be well-manufactured.

2. Heartwood Requirements

Where heartwood material is desired it shall be specified in terms of the amount or

percentage of heartwood on the girth, or on each face, side or edge, measured at the point

where the greatest amount of sapwood occurs.

For all timber to be pressure treated there shall be no heartwood requirement and

the amount of sapwood shall not be limited.

3. Wane
Where wane is not desired, the specification should state "Square Edge".

4. Quality of Wood
No piece of exceptionally light weight is permitted.

5. Decay

Only pieces consisting of sound wood, free from any form of decay are acceptable,

unless otherwise specified.

6. Slope of Grain

Slope of grain shall be measured over a distance sufficiently great to determine the

general slope disregarding slight local deviations. Within the middle half of length of

piece slope of grain shall not be steeper than specified.

7. Holes

Knot holes and holes from causes other than knots are measured and limited as pro-

vided for knots.

8. Cluster Knots

Cluster knots and knots in groups are not permitted.

9. Knots in Joist and Plank

(a) Knots on Narrow Faces.-—Size of knot on a narrow face is taken as width

between lines enclosing knot and parallel to edges of piece. The only knots measured on

narrow faces are those that do not show on wide faces.

(b) Knots on Wide Faces.—Size of knot on a wide face is the average of its

largest and smallest diameters.

(c) Permissible Increase in Knot Sizes.—Size of knots on narrow faces and at

edges of wide faces may increase proportionately from size permitted in middle third of

length to twice that size at ends of piece. Size of knots on wide faces may increase pro-

portionately from size permitted at edge to size permitted along center line.

(d) Sum of Knots.—Sum of sizes of all knots within middle half of length of any

face, measured as specified by paragraph (a) or (b) for the face under consideration,

shall not exceed four and one-half times the size of largest knot allowed on that face.
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10. Knots in Beams and Stringers

(a)' Knots on Narrow Faces.—Size of knot on a narrow face is taken as width

between lines enclosing knot and parallel to edges of piece except that when a knot on a

narrow face extends into the adjacent one-fourth of the width of a wide face its least

dimension is taken as its size.

(b) Knots on Wide Faces.—Size of knot on a wide face is its smallest diameter.

Knots at edges of wide faces are limited to same sizes as on narrow faces but are measured

according to this paragraph.

(c) Permissible Increase in Knot Size.—Size of knots on narrow faces and at

edges of wide faces may increase proportionately from size permitted in middle third of

length to twice that size at ends of piece, except that size of no knot shall exceed size

permitted along center line of wide face. Size of knots on wide faces may increase pro-

portionately from size permitted at edge to size permitted along center line.

(d) Sum of Knots.—Sum of sizes of all knots within middle half of length of any

face, measured as specified by paragraph (a) or (b) for the face under consideration,

shall not exceed four times the size of largest knot allowed on that face.

11. Knots in Posts and Timbers

(a) Knots on Either Face.—Size of a knot is half the sum of its largest and

smallest diameter

(b) Sum of Knots.—Sum of sizes of all knots in any 6 inches of the length of

piece, measured as specified by paragraph (a), is not permitted to exceed twice the max-

imum permissible size of knot. Two knots of maximum permissible size are not allowed

in same 6 inches of length on any face.

12. Shakes, Checks, Splits in Joist and Plank and Beams and Stringers

(a)' Shakes, checks and splits, where permitted in the grade specified hereto, are

measured at ends of piece. Only those within middle half of height are considered.

(Height equals width of wide face). Size of shake is distance between lines enclosing

shake and parallel to wide faces of piece. Permissible size is determined by width of

narrow face of piece.

(b) Checks and splits are measured and limited in same way as shakes. The fol-

lowing limitations apply to both ends but only within middle half of height of piece and

within three times height from end. (Height equals width of wide face). Size of checks

within this portion of piece shall be taken as their estimated area, along horizontal section

showing maximum area, divided by three times height of piece. (See Note) When
checks on two parallel faces are opposite or approximately so, sum of their sizes is taken.

Sum of sizes of shakes, checks, and splits shall not exceed permissible size of shake.

(c) Checks extending entirely across end within middle half of height shall not

extend into piece at center of width of end a distance greater than size of allowable

shake.

13. Shakes, Checks, Splits in Posts and Timbers

(a) Shakes, checks and splits, where permitted in the grade specified hereto, are

measured at the ends of the piece. Size of a shake is distance between lines enclosing

shake and parallel to a pair of opposite faces.

(b) Checks and splits are measured and limited in the same way as shakes. Size

of checks within three times width of piece from either end shall be taken as their esti-

mated area, along the longitudinal section showing maximum area, divided by three times
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width of piece. (See Note) Sum of sizes of shakes, checks, and splits shall not exceed

the permissible size of shake.

(c)' Checks extending entirely across end shall not extend into piece at center of

width of end, a distance greater than size of allowable shake.

14. Density

(a) Dense Douglas Fir or Larch.—Shall average on either one end or the other

of each piece not less than six annual rings per inch in Douglas Fir, or eight annual rings

per inch in Larch, and, in addition, one-third or more summerwood (the dark portion of

the annual ring) measured over 3" on a line at a right angle to the annual rings, located

as described below. The contrast in color between summerwood and springwood shall

be distinct.

Coarse-grained material excluded by this rule shall be accepted as dense if averaging

one-half or more summerwood.

In boxed heart pieces the line shall run from the pith to the corner farthest from

the pith except, when the line is not representative, it shall be shifted sufficiently to

present a fair average but the distance from the pith to the beginning of the 3-inch

portion of the line shall not be changed. When the least dimension is 6" or less, the

3-inch portion of the line shall begin at a distance of 1" from the pith. When the least

dimension is more than 6", the 3-inch portion of the line shall begin at a distance from

the pith equal to 54 the least dimension of the piece.

In side cut pieces (pith not present) the center of the 3-inch portion of the line shall

be at the center of the end of the piece.

If a 3-inch portion of the line cannot be obtained, the measurement shall be made

over as much of a 3-inch portion as is available.

In case of disagreement, two radial lines shall be chosen and the summerwood and

number of rings shall be taken as the average on these lines.

(b) Dense Longleaf or Shortle.af Yellow Pine.—Shall average on either one

end or the other of each piece not less than six annual rings per inch, and, in addition

one-third or more summerwood, the darker, harder portion of the annual ring, measured

over the third, fourth, and fifth inches of a radial line from the pith. The contrast in

color between summerwood and springwood shall be sharp and the summerwood shall

be dark in color, except in pieces having considerably above the minimum requirement

for summerwood.

Coarse-grained material excluded by this rule shall be accepted as dense if averaging

one-half or more summerwood.

The radial line shall be representative of the average growth of the cross section.

In case of disagreement, two radial lines shall be chosen, and the number of rings per

inch and percentage of summerwood shall be taken as the average determined on these

lines.

In boxed heart pieces the measurement shall be made over the third, fourth, and

fifth inches from the pith along the radial line.

In material containing the pith, but not a 5-inch radial line, which is less than 2 by

8 inches in section or less than 8 inches in width, that does not show over 16 square

* NoTK.- A practical nielhud ol insptrtiun in the fit-Id t(i dctt-rniini' the size of checks and splits un-
der the above specification is a> follows:

The size of checks within the specified portion of the piece shall be taken as the sum of seven depth
measurements, one on the end and three on each side, divided by three. Each measurement shall repre-

sent the greatest depth of any check within the center half of the height; the measurement on the end
shall be taken at the center of the width, and the three measurements on each side shall be taken at

distances of 1, 2, and 3 times the height of the piece from the end in Joist. Plank, Beams and Stringers,

and the width of the piece from the end in Posts and Timbers. Each measurement shall be determined
by the penetration into the piece of a probe 1/64-inch thick and i/i-inch wide.
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inches on the cross section, the inspection shall apply to the second inch from the pith.

In larger material that does not show a S-inch radial line, the inspection shall apply to

the 3 inches farthest from the pith.

In cases where timbers do not contain the pith and it is impossible to locate it with

any degree of accuracy, the same inspection shall be made over 3 inches on an approx-

imate radial line beginning at the edge nearest the pith in timbers over 3 inches in thick-

ness and on the second inch nearest the pith in timbers 3 inches or less in thickness.

15. Close Grain

(a) Close Grained Douglas Fir, or Larch, or Redwood.—Shall average on either

one end or the other of each piece not less than six nor more than twenty annual rings

per inch in Douglas Fir, or not less than eight nor more than thirty annual rings per

inch in Larch, or not less than ten nor more than thirty-five annual rings per inch in

Redwood, measured over 3" on a line at right angle to the annual rings located as

described below.

In boxed heart pieces the line shall run from the pith to the corner farthest from

the pith except, when the line is not representative, it shall be shifted sufficiently to

present a fair average but the distance from the pith to the beginning of the 3-inch

portion of the hne shall not be changed. When the least dimension is 6" or less, the

3-inch portion of the line shall begin at a distance of 1" from the pith. When the least

dimension is more than 6", the 3-inch portion of the line shall begin at a distance from

the pith equal to ^ the least dimension of the piece.

In side cut pieces (pith not present) the center of the 3-inch portion of the line shall

be at the center of the end of the piece.

If a 3-inch portion of the line cannot be obtained, the measurement shall be made

over as much of a 3-inch portion as is available.

In case of disagreement, two radial lines shall be chosen and the number of rings

shall be taken as the average on these lines.

Pieces of Douglas Fir averaging five rings or more than twenty shall be accepted if

containing one-third or more summerwood.

STRUCTURAL JOIST, PLANK, AND OTHER FRAMING MEMBERS

WITH LOAD APPLIED TO EITHER THE WIDE FACE OR THE NARROW FACE

Uses.—Joists, Rafters, Bracing, Bridge Plank, Crossing Plank, Factory Flooring, Heavy
Decking, Heavy Roofing, etc.

Standard Sizes

Nominal thicknesses, 2", 3" and 4".

Permissible minimum rough thicknesses in not to exceed 20 per cent of

pieces in any one shipment

2" ^"off
3" and 4" fs" off

Dressed thicknesses, SIS or S2S ^" off

Nominal widths, 4" and wider.

Permissible minimum rough widths in not to exceed 20 per cent of

pieces in any one shipment
4" and 6" ^^^"„°^

8" and wider /4" off

Dressed widths, SlE or S2E
4" and 6" 5^" off

8" and wider ^" off
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Standard Stress-Grades and Working Stresses

Fiber Stress

in Bending
Grades and Species or Tension

ISOOff Dense Douglas Fir (Coast and
Inland) 1800

ISOOlff Dense Larch 1800
ISOOJf Dense Longleaf or Dense Short-

leaf Southern Pine 1800
1600Sf Close-Grained Douglas Fir

(Coast) 1600
1600$f Close-Grained Douglas Fir

(Inland) 1600
1600Sf Close-Grained Larch 1600
1600Sf Dense Longleaf or Dense Short-

leaf Southern Pine 1600
16C0$f Close-Grained Redwood 1600
1400Sf Tidewater Red Cypress 1400
1400Sf Oak 1400
1400$f Dense Longleaf Southern Pine.. 1400
1400Sf Close-Grained Redwood 1400
1200lff Port Orford Cedar 1200
1200Sf Douglas Fir (Coast). 1200
1200Jf Douglas Fir (Inland) 1200
1200Jff Larch 1200
1200*f Dense Shortleaf Southern Pine.. 1200
1200$f Close-Grained Redwood 1200
llOOSf Port Orford Cedar 1100
llOOSf Tidewater Red Cvpress 1100
llCOtf Oak 1100

Maximum



7sJ0 Wooden Bridges and Trestles

Nominal
Width of
Face

2 ..

3 ..

4 ..

4 ..

6 ..

On Narrow Face,

or at Edge of

Wide Face, Middle
Third of Length

'A] On
^4 \ Narrow

/ Face

10

12

14

16

1

H

1-3/4

2

At
Edge

Wide
Face

At Center Line

of Wide Face

1

1-H
2

2-Vs

3-ys
3-5A

Width of Narrow Face
When Green When SeasonedShakes, Checks, Splits

120ff Shear Grade 2/9 ^
Wane Ve Width of Any Face

16005f Structural Joist and Plank
Close-Grained Douglas Fir (Coast Region)

Slope of Grain.—1 in 12.

Knots.—^Maximum permissible size in inches.

Nominal
Width of
Face

2 ..

3

On Narrow Face,

or at Edge of

Wide Face, Middle
Third of Length

H\On
1 > Narrow

At Center Line

of Wide Face

4 1-14 j Face

4

10
12

14

16

1

1-3/g

2-yz.

\-%
At 1-^
Edge 2-^

> of Z-Y^
Wide Z-y^
Face ir-y%

4-J4

Width of Narrow Face
When Green When SeasonedShakes, Checks, Splits

100# Shear Grade
Wane Ve Width of Any Face

Close-Grained Douglas Fir (Inland) Close-Grained Larch
Slope of Grain.—1 in 14.

Knots.—Maximum permissible size in inches.

Nominal
Width of
Face

2 ...

3 ...

4 ..

4 ...

6 ..,

On Narrow Face,

or at Edge of

Wide Face, Middle
Third of Length

^)0n
% > Narrow

l-ys ) Face

10

12

14

16

1-/2
1-3/4

2

2-%

At
Edge

Wide
Face

At Center Line

of Wide Face

1-^
i-sys

2-y4
2-34

3-ys

3-^
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Width of Narrow Face
Shakes, Checks, Splits When Green When Seasoned

100$ Shear Grade (Larch) J4 Vs

80« Shear Grade (Fir) Vs 4/10
Wane Ve Width of Any Face

16008f Structural Joist and Plank

Dense Longleaf Southern Plne Dense Shortleaf Southern Pine

Slope of Grain.—1 in 12.

Knots.—Maximum permissible size in inches.

Nominal
Width of
Face

2 ..

4
6

8

10
12

14

16

Width of Narrow Face
Shakes, Checks, Splits When Green When Seasoned

not Shear Grade /tt Vs
Wane Vs Width of Any Face

On Narrow Face,

or at Edge of

Wide Face, Middle
Third of Length

3/4^ On
1-% /-Narrow

l-Vi) Face
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1400jff Structural Joist and Plank

Tidewater Red Cypress

Slope of Grain.—1 in 14.

Knots and Peck.—Maximum permissible size in inches.

Nominal
Width of
Face

2

3

4

4
6

8

10
12

14

16

On Narrow Face,

or at Edge of

Wide Face, Middle
Third of Length

Vs] On
%> Narrow

. 1-V^j Face

1

2

2-%

^

At
Edge

Wide
Face

At Center Line

of Wide Face

2-Vs

Width of Narrow Face
When Green When SeasonedShakes, Checks, Splits

12Q# Shear Grade ^ Vi

Wane Ve Width of Any Face

Oak

Slope of Grain.—1 in 12.

Knots.—Maximum permissible size in inches.

Nominal
Width of

Face

2

3

4

4
6

8

10

12

14

16

On Narrow Face,

or at Edge of

Wide Face, Middle
Third of Length

Vs] On
1 /-Narrow
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1400j?f Structural Joist and Plank

Dense Longleaf Southern Pine

Slope of Grain.—1 in 10.

Knots.—Maximum permissible size in inches.

On Narrow Face,

Nominal or at Edge of

Width of Wide Face, Middle

Face Third of Length

2 ^)0n
3 1-J4 / Narrow
4 1-^ j Face

4
6

8

10

12

14

16

1

1-H
2

2-/2
3

3-14

2-V8

At
Edge

Wide
Face

At Center Line

of Wide Face

I-V4

2-H

4-Ji
S-J4

6

Width of Narrow Face
When Green When SeasonedShakes, Checks, Splits

100# Shear Grade 4/10 4/9

Wane % Width of Any Face

Close-Grained Redwood

Slope of Grain.—1 in 14.

Knots.—Maximum permissible size in inches.

On Narrow Face,

Nominal or at Edge of

Width of Wide Face, Middle
Face Third of Length

2 ^)0n
3 %} Narrow
4 l-i^JFace

At Center Line

of Wide Face

4
6

8

10
12

14

16

5/8
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1200itf Structural Joist and Plank

Port Orford Cedar

Slope of Grain.—1 in 14.

Knots.—Maximum permissible size in inches.

On Narrow Face,
Nominal or at Edge of
Width of Wide Face, Middle
Face Third of Length

2 H)On
3 y^y Narrow
4 l-i^ j Face

4
6

8

10
12

14

16

At Center Line

of Wide Face

H
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1200#f Structural Joist and Plank

Douglas Fm (Inland) Larch

Slope of Grain.—1 in 10.

Knots.—Maximum permissible size in inches.

Nominal
Width of

Face

On Narrow Face,

or at Edge of

Wide Face, Middle
Third of Length

2 ^)0n
3 l~% } Narrow
4 1-^ } Face

4
6

8

10
12

14

16

% ]

1-14
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1200jff Structural Joist and Plank

Close-Grained Redwood

Slope of Grain.—1 in 12.

Knots.—Maximum permissible size in inches.

On Narrow Face,
Nominal or at Edge of
Width of Wide Face, Middle
Face Third of Length

2 ^]0n
3 l-Ys > Narrow
4 1-1^ j Face

4
6

8

10

12

14

16

Vs
l-%

2

2-y%

2-5/s

2-3/4 J

At
Edge

l^of

Wide
Face

At Center Line

of Wide Face

1-H
2-ys

2-Vs
3-5/s

4-3/4

5

Width of Narrow Face
When Green When SeasonedShakes, Checks, Splits

70* Shear Grade % Vs

Wane Vs Width of Any Face

UOOff Structural Joist and Plank

Port Orford Cedar

Slope of Grain.—1 in 12.

Knots.—Maximum permissible size in inches.

Nominal
Width of

Face

4
6

8

10

12

14

16

On Narrow Face,



Wooden Bridges and Trestles 79T

Tidewater Red Cypress

Slope of Grain.— 1 in 10.

Knots and Peck.—Maximum permissible size in inches.

Nominal
Width of

Face

On Narrow Face,

or at Edge of

Wide Face, Middle At Center Line

Third of Length of Wide Face

2 ^"j On
3 l-% > Narrow
4 1-^ j Face

4
6

8

10

12

14

16

7/«
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STRUCTURAL BEAMS, STRINGERS, AND OTHER HEAVY
MEMBERS WITH LOAD APPLIED TO THE NARROW FACE

Uses.—Beams, Girders, Stringers, Purlins, etc.

Standard Sizes

Nominal thicknesses, S" and thicker.

Permissible minimum rough thicknesses in not to exceed 20 per cent of

pieces in any one shipment

S" and 6" ^" off

8" and wider ^" off

Dressed thicknesses, SIS or S2S Yz" off

Nominal widths, 8" and wider.

Permissible minimum rough widths in not to exceed 20 per cent of

pieces in any one shipment Va" off

Dressed widths, SlE or S2E 5^" off

Standard Stress-Grades and Working Stresses

Fiber Stress

in Bending
Grades and Species or Tension

1800fff Dense Douglas Fir (Coast and
Inland) 1800

1800#f Dense Larch 1800

1800jf Dense Longleaf or Dense Short-

leaf Southern Pine 1800

1600Sf Close-Grained Douglas Fir

(Coast) 1600

1600jff Close-Grained Douglas Fir

(Inland) 1600

1600ftf Close-Grained Larch 1600

1600fff Dense Longleaf or Dense Short-

leaf Southern Pine 1600

1600ltf Close-Grained Redwood 1600

1400Sf Tidewater Red Cypress 1400

1400}ff Oak 1400

1400ftf Dense Longleaf Southern Pine.. 1400

1400fff Close-Grained Redwood 1400

1203* f Douglas Fir (Inland) 1200

1200#f Larch 1200

1200#f Dense Shortleaf Southern Pine.. 1200

1200#f Close-Grained Redwood 1200

llOOSf Port Orford Cedar 1100

llOOjff Tidewater Red Cypress 1100

llOOttf Oak 1100

Maximum
Horizontal

Shear
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ISOOjff Structural Beams and Stringers
Dense Douglas Fir (Coast Region) Dense Longleaf Southern Pine
Dense Douglas Fir (Inland) Dense Shortleaf Southern Pine

Slope of Grain.— 1 in 16.

Knots.—Maximum permissible size in inches.

Nominal On Narrow Face,

Width of Middle Third At Center Line

Face of Length of Wide Face

S 1-^
6 i-y&

8 1-V& 1-V&
10 l-H 2-^
12 1-^ 2-^
14 2-ys 2-ys
16 2-^ 3-ys
18 3-ys
20 3-H

Width of Narrow Face

Shakes, Checks, Splits When Green When Seasoned

120* Shear Grade (Fir) Vq %
120S Shear Grade (Pine) A H

Wane % Width of Any Face

Dense Larch
Slope of Grain.—1 in 18.

Knots.—Maximum permissible size in inches.

Nominal On Narrow Face,

Width of Middle Third At Center Line
Face oi Length of Wide Face

5 ^
6 %
8 1 l-%

10 1-% 1-^
12 l-% 1-%
14 1-J4 1-^
16 1-^ 2

18 2-y&
20 2-^

Width of Narrow Face
Shakes, Checks, Splits When Green When Seasoned

120* Shear Grade 2/9 t\
Wane % Width of Any Face

1600#f Structural Beams and Stringers
Close-Grained Douglas Fir (Coast Region)

Slope of Grain.—1 in 15.

Knots.—Maximum permissible size in inches.

Nominal On Narrow Face,

Width of Middle Third At Center Line
Face of Length of Wide Face

5 i-y&

6 i-y^

8 1-^ 1-^
10 1-3/4 2~%
12 1-^ 2-S/g

14 2-ys 2-ys
16 2-^ 3-H
18 3-5^
20 3-J4

Width of Narrow Face
Shakes, Checks, Splits When Green When Seasoned

lOOj Shear Grade Ve ^4

Wane Vc Width of Any Face
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1600$f Structural Beams and Stringers
Close-Grained Douglas Fir (Inland) Close-Grained Larch

Slope of Grain.—1 in 18.

Knots.—Maximum permissible size in inches.

Nominal On Narrow Face,
Width of Middle Third At Center Line
Face of Length of Wide Face

5 ^
6 1

8 l-Va 1-H
10 l-% i-Vs
U 1-^ 2

14 \-y2 2-%
16 1-^ 2-54
18 l-Yi
20 2-J4

Width of Narrow Face
Shakes, Checks, Splits When Green When Seasoned

100# Shear Grade (Larch). % i/s

80t Shear Grade (Fir) 1/3 4/10
Wane % Width of Any Face

Dense Longleaf Southern Pine Dense Shortleaf Southern Pine
Slope of Grain.—1 in 12.

Knots.-—Maximum permissible size in inches.

Nominal On Narrow Face,
Width of Middle Third At Center Line
Face of Length of Wide Face

s i-y2
6 l-Vs
8 2-ys 2-^
10 2-^ 3-^
12 2-^ 3-^
14 2-J4 4
16 3 A-Vs
18 4-5/8

20 4-7/s

Width of Narrow Face
Shakes, Checks, Splits When Green When Seasoned

120tf Shear Grade ^ 3/s

Wane % Width of Any Face

1600jf Structural Beams and Stringers
Close-Grained Redwood

Slope of Grain.—1 in 20.

Knots.—Maximum permissible size in inches.

Nominal On Narrow Face,

Width of Middle Third At Center Line
Face of Length of Wide Face

5 %
6 ^
8 % Yz
10 Vi Ye,

12 H Va
14 % H
16 M n
18 1

20 1

Width of Narrow Face
Shakes, Checks, Splits When Green When Seasoned

80# Shear Grade 1/7 2/9
Wane t's Width of Any Face
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1400#f Structural Beams and Stringers
Tidewater Red Cypress

Slope of Grain.—1 in 16.

Knots and Peck.—Maximum permissible size in inches.

Nominal On Narrow Face,

Width of Middle Third At Center Line

Face of Length of Wide Face

5 1

6 l-Vs

8 1-H 1-/2

10 i-Vi 1-%
12 i-Vs 2-y4

14 1-K 2-/2

16 l-Vs 2-5/g

18 2-%
20 3

Width of Narrow Face

Shakes, Checks, Splits When Green When Seasoned

I20S Shear Grade ttj Vk

Wane Vs Width of Any Face

Oak
Slope of Grain.—1 in IS.

Knots.—Maximum permissible size in inches.

Nominal On Narrow Face,

Width of Middle Third At Center Line

Face of Length of Wide Face

5 1-^
6 i-y2

8 1-J^ 2

10 2 2-H
12 2-ys 3

14 2-14 3-^
16 2-y2 3-y2

18 3-^
20 3-^

Width of Narroiv Face
Shakes, Checks, Splits When Green When Seasoned

120* Shear Grade % Mi

Wane '/g Width of Any Face

1400Jf Structural Beams and Stringers
Dense Loncleaf Southern Pine

Slope of Grain.— 1 in 10.

Knots.—Maximum permissible size in inches.

Nominal On Narrow Face,

Width of Middle Third At Center Line
Face of Length of Wide Face

5 2

6 2-rs
8 2-34 i-y^
10 3-ys 4

12 3-Vs 4-V6
14 3-^ 5-^
16 4 5-5^
18 S-^
20 6-li

Width of Narrow Face
Shakes, Checks, Splits When Green When Seasoned

100« Shear Grade 4/10 4/9
Wane % Width of Any Face
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Close-Grained Redwood
Slope of Grain.—1 in 18.

Knots.—Maximum permissible size in inches.

Nominal On Narrow Face,

Width of Middle Third At Center Line

Face of Length of Wide Face

5 y&
6 i-y&

8 1-^ 1-^
10 i-y& i-Ya,

12 1-H 2-^
14 \-Y& 2-H
16 1-54 2-^
18 2-}i
20 2-U

Width of Narrow Face
Shakes, Checks, Splits When Green When Seasoned

80S Shear Grade 1/7 2/9
Wane ]/& Width of Any Face

1200#f Structural Beams and Stringers
Douglas Fir (Inland) Larch

Slope of Grain.—1 in 12.

Knots.—Maximum permissible size in inches.

Nominal On Narrow Face,

Width of Middle Third At Center Line

Face of Length of Wide Face

5 1-5^
6 2

8 2-14 2-5^
10 2-^ 3-^
12 2->^ 4

14 3 4-J4
16 3-14 4-5/^

18 4-%
20 S-Vs

Width of Narrow Face
Shakes, Checks, Splits When Green When Seasoned

lOOff Shear Grade (Larch) % Vs

80* Shear Grade (Fir) Vs 4/10
Wane Ve Width of Any Face

Dense Shortleaf Southern Pine
Slope of Grain.—1 in 8.

Knots.—Maximum permissible size in inches.

Nominal On Narrow Face,

Width of Middle Third At Center Line
Face of Length of Wide Face

5 2-H
6 2-%
8 3-ys 3-%
10 3-54 4-^
12 4-^ 5-54
14 4-ys 6-J4
16 4-54 6-34

18 7-%
20 7-H

Width of Narrow Face
Shakes, Checks, Splits When Green When Seasoned

lOOS Shear Grade 4/10 4/9
Wane J4 Width of Any Face
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1200Sf Structural Beams and Stringers
Close-Grained Redwood

Slope of Grain.—1 in 14.

Knots.—Maximum permissible size in inches.

Nominal On Narrow Face,

Width of Middle Third At Center Line

Face of Length of Wide Face

5 1-H
6 I-V4
8 2-ys 2-H
10 2-% 3
12 2-5^ S-H
14 2-^ 3-%
16 3 A-li
18 4-y2
20 4-^

Width of Narrow Face
Shakes, Checks, Splits When Green When Seasoned

70if Shear Grade J4 Vs

Wane Vr, Width of Any Face

llOOSf Structural Beams and Stringers
Port Orford Cedar

Slope of Grain.—1 in IS.

Knots.—Maximum permissible size in inches.

Nominal On Narrow Face,

Width of Middle Third At Center Line

Face of Length of Wide Face

5 1-^
6 l-y
8 1-^ 2

10 2 2-14
12 2-ys 3

14 2-% 3-54
16 2-^ 3-^
18 3-^
20 3-^

Width of Narrow Face
Shakes, Checks, Splits When Green When Seasoned

&0t Shear Grade V3 4/10
Wane Ye Width of Any Face

Tidewater Red Cypress
Slope of Grain.—1 in 12.

Knots and Peck.—Maximum permissible size in inches.

Nominal On Narrow Face,

Width of Middle Third At Center Line
Face of Length of Wide Face

5 1-^
6 2-ys
8 2-y2 2-^
10 2-^4 3-^
12 3-ys 4-}i
14 S-Vs 4-^
16 3-^ S

18 5-^
20 5-^

Width of Narrow Face
Shakes, Checks, Splits When Green When Seasoned

lOOlt Shear Grade 34 Vs
Wane Vc Width of Any Face
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llOOjff Structural Beams and Stringers
Oak

Slope of Grain.—1 in 10.

Knots.—Maximum permissible size in inches.

Nominal On Narrow Face,
Width of Middle Third At Center Line
Face of Length of Wide Face

5 2

6 2-^
8 2-Vs 3-J4

10 3-J4 A-Ji
12 3-^ S
14 3-J4 5-H
16 4 S-^
18 6
20 6-^

Width of Narrow Face
Shakes, Checks, Splits When Green When Seasoned

lOOS Shear Grade 4/10 4/9
Wane 14 Width of Any Face

STRUCTURAL POSTS, TIMBERS, AND OTHER MEMBERS
TO CARRY LONGITUDINAL LOADS

Uses.—Posts, Columns, Caps, Sills, Timbers, etc.

Standard Sizes: (Usually Square)

Nominal thicknesses, 5" and thicker.

Permissible minimum rough thicknesses in not to exceed 20 per cent of

pieces in any one shipment
5" and 6" i\" off

8" and wider 14" off

Dressed thicknesses, SIS or S2S %" off

Nominal widths, S" and wider.

Permissible minimum rough widths in not to exceed 20 per cent of

pieces in any one shipment
5" and 6" tV" off

8" and wider l4" oil

Dressed widths, SlE or S2E ^" off

Standard Stress-Grades and Working Stresses

Compression Parallel

to Grain, Short

Grades and Species Columns
1300#c Dense Douglas Fir (Coast and Inland) 1300

1300Sc Dense Larch 1300

1300#c Dense Longleaf or Dense Shortleaf Southern Pine 1300

1200tc Tidewater Red Cypress 1200

1200}tc Close-Grained Douglas Fir (Coast) 1200

1200Jc Close-Grained Douglas Fir (Inland) 1200

1200ftc Close-Grained Larch 1200 For stresses

1200Sc Dense Longleaf or Dense Shortleaf Southern Pine 1200 in compression

1200ifc Close-Grained Redwood 1200 perpendicular

llOOSc Douglas Fir (Coast) 1100 to grain and
llOOjfc Douglas Fir (Inland) 1100 modulus of

llOOttc Larch 1100 elasticity,

llOOSc Oak 1100 see Beams and
llOOjfc Close-Grained Redwood 1100 Stringers.

lOOOSc Port Orford Cedar 1000
lOOOtc Tidewater Red Cypress 1000
lOOOfc Oak 1000
lOOOftc Dense Longleaf Southern Pine 1000
lOOOfic Close-Grained Redwood 1000
90atfc Port Orford Cedar 7. 900
900jfc Dense Shortleaf Southern Pine . ^... 900
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1300lfc Structural Posts and Timbers

Dense Douglas Fir (Coast Region) Dense Longleaf Southern Pine
Dense Douglas Fir (Inland) Dense Shortleaf Southern Pine
Dense Larch

Slope oj Grain.—1 in 12.

Knots.—Maximum permissible size in inches.

Nominal Width At any Point

of Face on any Face

5 I-Va
6 l-Vz

8 1-^
10 2-H
12 2-%
14 2,-y&

16 3-^
18 i-Yz
20 3-54

Width of Narrow Face

Shakes, Checks, Splits When Green When Seasoned

4/10 y2

Wane Vs Width of Any Face

1200#c Structural Posts and Timbers

Tidewater Red Cypress
Slope of Grain.—1 in 12.

Knots and Peck.—Maximum permissible size in inches.

Nominal Width At any Point

of Face on any Face

5 Vs
6 l-Vs
8 i-y2

10 1-34

12 2-%
14 2-3A
16 2-^
18 2-^
20 2-54

Width of Narrow Face
Shakes, Checks, Splits When Green When Seasoned

% 4/9
Wane % Width of Any Face

Close-Grained Douglas Fir (Coast Region) Close-Grained Larch

Slope of Grain.—1 in 12.

Knots.—Maximum permissible size in inches.

Nominal Width At any Point

of Face on any Face

5 \-%
6 \-Vz
8 l-%
10 2-}i
12 . 2-54
14 3

16 3-J4
18 3-5^
20 3-^

Width of Narrow Face

Shakes, Checks, Splits When Green When Seasoned
4/10 ^

Wane Va Width of Any Face
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1200ffc Structural Posts and Timbers

Close-Grained Douglas Fir (Inland)

Slope of Grain.—1 in 12.

Knots.—Maximum permissible size in inches.

Nominal Width At any Point

of Face on any Face

5 1

6 1-^
8 l-Yz

10 1-^
12 2-14

14 2-y2
16 2-5^
18 2-%
20 3

Width of Narrow Face
Shakes, Checks, Splits When Green When Seasoned

Vs 4/9
Wane % Width of Any Face

1200ftc Structural Posts and Timbers

Dense Longleaf Southern Pine Dense Shortleaf Southern Pine

Slope of Grain.—1 in 10.

Knots.—Maximum permissible size in inches.

Nominal Width At any Point

of Face on any Face

s i-y2

6 1-^
8 2-3/s

10 3

12 3-5/s

14 3-^
16 4-li
18 4-^
20 .• 4-^

Width of Narrow Face
Shakes, Checks, Splits When Green When Seasoned

4/10 y2
Wane Ve Width of Any Face

Close-Grained Redwood
Slope of Grain.—1 in 14.

Knots.—Maximum permissible size in inches.

Nominal Width At any Point

of Face on any Face

5 V4
6 Vs

8 1-34
10 i-y2

12 i-Vs
14 2

16 2~y8
18 2-y
20 2-^

Width of Narrow Face
Shakes, Checks, Splits When Green When Seasoned

Vs 4/9
Wane % Width of Any Face
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llOOSc SxRUCTURAi Posts and Timbers
Douglas Fir (Coast Region) Larch

Slope of Grain.—1 in 12.

Knots.—Maximum permissible size in inches.

Nominal Width At any Point

of Face on any Face

5 1-%
6 l-Vz
8 2

10 2-%
12 3

14 3-^
16 3-y2
18 3-54
20 3-7/8

Width of Narrow Face
Shakes, Checks, Splits When Green When Seasoned

4/10 Vz
Wane Ve Width of Any Face

Douglas Fir (Inland)
Slope of Grain.—1 in 12.

Knots.—Maximum permissible size in inches.

Nominal Width At any Point

of Face on any Face

s H
6 I-Va
8 l-Vs
10 2-14
12 2-3A
14 2-5^
16 2-%
18 3

20 3-yi

Width of Narrow Face
Shakes, Checks, Splits When Green When Seasoned

Vs 4/9
Wane % Width of Any Face

llOOftc STRUCTUR.i\L PoSTS AND TIMBERS
Oak

Slope of Grain.—1 in 14.

Knots.—Maximum permissible size in inches.

Nominal Width At any Point

of Face on any Face

5 '... %
6 1

8 1-H
10 1-54

12 2-ys
14 2-14

16 2-rs
18 2-^
20 2-%

Width of Narrow Face
Shakes, Checks, Splits When Green When Seasoned

% 3/7
Wane % Width of Any Face
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Close- Grained Redwood
Slope of Gram.—1 in 12.

Knots.—Maximum permissible size in inches.

Nominal Width At any Point

of Face on any Face

5 l-%
6 1-M
8 1-Va

10 2-14

12 2-^
14 2-7A
16 2,-Y?,

18 3-^
20 3-H

Width of Narrow Face
Shakes, Checks, Splits When Green When Seasoned

Vs V2
Wane Y^ Width of Any Face

lOOOffc Structural Posts and Timbers
Port Orpord Cedar

Slope oj Grain.—1 in 14.

Knots.—Maximum permissible size in inches.

Nominal Width At any Point

of Face on any Face

5
'%

6 1

8 \-Vi
10 1-5^
12 2

14 2-^
16 2-^
18 2-Vi
20 2-^

Width of Narrow Face
Shakes, Checks, Splits When Green When Seasoned

Vs 3/7
Wane ]/$ Width of Any Face

Tidewater Red Cypress
Slope of Grain.—1 in 10.

Knots and Peck.—Maximum permissible size in inches.

Nominal Width At any Point

of Face on any Face

s : 1-^
6 1-%
8 2~y2

10 3-%
12 3-^
14 4
16 4-^
18 4-U
20 5

Width of Narrow Face
Shakes, Checks, Splits When Green When Seasoned

4/9 5/9

Wane Ve Width of Any Face
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lOOOSc Structural Posts and Timbers

Oak
Slope of Grain.—1 in 12.

Knots.—Maximum permissible size in inches.

Nomitml Width At any Point

of Face on any Face

5 1-^
6 1-H
8 2

10 2-1/2

12 3

14 3-^
16 3-y2

18 3-3^

20 S-Vs

Width of Narrow Face
Shakes, Checks, Splits When Green When Seasoned

4/10 ^
Wane Ve Width of Any Face

Dense Longleaf Southern Pine
Slope of Grain.— 1 in 8.

Knots.—Maximum permissible size in inches.

Nominal Width At any Point

of Face on any Face

5 2-ys
6 2-y2

8 3-Vs
10 A-%
12 S

14 5-^
16 S-M
18 e-Vs
20 e-Vs

Width of Narrow Face
Shakes, Checks, Splits When Green When Seasoned

Wane l4 Width of Any Face

10008c Structural Posts and Timbers
Close-Grained Redwood

Slope of Grain.—1 in 10.

Knots.—Maximum permissible size in inches.

Nominal Width At any Point

of Face on any Face

5 l-Vz

6 I-V4
8 2-H
10 2-^
12 3-J^
14 3-^
16 4-%
18 4-3/s

20 4-H
Width of Narrow Face

Shakes, Checks, Splits When Green When Seasoned
3/7 K

Wane Ve Width of Any Face



810 Wooden Bridges and Trestles

900#c Structural Posts and Timbers

Port Orford Cedar

Slope of Grain.— 1 in 12.

Knots.—Maximum permissible size in inches.

Nominal Width At any Point

of Face on any Face

5 1-K
6 1-3^

8 2

10 2-y2

12 3

14 3-^
16 3-J^
18 3-54

20 3-%

Width of Narrow Face

Shakes, Checks, Splits When Green When Seasoned
4/10 ^

Wane Ve Width of Any Face

Dense Shortleaf Southern Pine

Slope of Grain.— 1 in 6.

Knots.—-Maximum permissible size in inches.

Nominal Width At any Point

of Face on any Face

5 2-^
6 2-%
8 3-54

10 4-^
12 S-^
14 e-Vs
16 6-y2

18 7

20 7-%

Width of Narrow Face
Shakes, Checks, Splits When Green When Seasoned

5/9 %
Wane % Width of Any Face

Guide to Grading of Structural Timbers for Railway Purposes and
Determination of Working Stresses

The following information, abstracted from U.S. Department of Agriculture Miscel-

laneous Publication 185, "Guide to the Grading of Structural Timbers and the Deter-

mination of Working Stresses", represents the basis for the formulation and derivation of

the foregoing general provisions for structural grading and the individual species stress-

grades. Only those portions of that publication necessary to an understanding of the

foregoing provisions and stress-grades and which are not incorporated in them are re-

published below. They include:

Part 2—Tables of permissible slopes of grain and sizes of knots, shakes, and wane
for stress-grades of certain strength-ratios (i.e.. Working Stress for Stress-Grade

divided by Working Stress of Clear Green Wood of the species in question.)

Part 3—Factors affecting the strength of structural timbers.

Part A—Determination of working stresses.
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These data in. combination are adequate for the railway engineer himself to check

the accuracy of the foregoing stress-grades; to grade correctly individual pieces or lots

of timber; or to prepare correct specifications for stress-grades in other species, or for

other stress-grades, not hereinbefore included.

PART 2. TABLES OF PERMISSIBLE SLOPES OF GRAIN AND SIZES OF
KNOTS, SHAKES, AND WANE

Tables 1 to 7 provide values to be incorporated in specifications for grades having

strength ratios equivalent to stress-grades as desired. They may also be used to find

from the limitations set up in the description of any grade or from inspection of an indi-

vidual piece the strength ratio or ratios that apply, and when the strength ratio is known

the appropriate working stress can be found by the method outlined in part 4.

These tables include data for the description of grades having strengths within the

range of 50 to 100 per cent of that of clear green material. Timbers having very high

strength ratios can ordinarily be produced only in limited quantities and from parts of

the tree that are especially valuable for other products. Greater perfection than is prac-

tically attainable or is economical for the intended use should not be specified.

A. Slope of Grain

Table 1 gives strength ratios for stress in extreme fiber in bending for various values

of slopes of grain.

Table 1.—Strength Ratios Corresponding to Various Slopes of Grain
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Table 2.—Strength Ratios Corresponding to Various Combinations of Size of

Knot and Width of Face

Beams and Stringers.

Joist and Plank

Knots on Narrow Face. Within Mid-
dle Third of Length of Piece.
Strength Ratios for Stress in Ex-
treme Fiber in Bending.

Size of
Knot

(inches)
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Table 3.—Strength Ratios Corresponding to Various Combinations of Size of

Knot and Width of Face

Beams and Stringers.

Joist and Plank

Posts and Timbers-

Knots Along Center Line of Wide
Face at any Point in the Length
of the Piece. Strength Ratios for
Stress in Extreme Fiber in Bend-
ing.

Knots at any Point on any Face.
Strength Ratios for Stress in Com-
pression Parallel to Grain.

Size of knot
(inches)
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Table 4.—Strength Ratios Corresponding to Various Combinations of Size of

Knot and Width of Face

Joist and Plank.

Knots at Edge of Wide Face Within
Middle Third of Length of Piece.
Strength Ratios for Stress in Ex-
treme Fiber in Bending.

Size
of knot
(inches)



Wooden Bridges and Trestles 81S

C. Shakes

Tables S and 6 show the strength ratios corresponding to various combinations of

size of shakes and width of end.

Table 5.—Strength Ratios Corresponding to Various Combinations of Size of

Shake and Width of End of Piece

Beams and Stringers ) Strength Ratios for Stress in Hor-
Joist and Plank \ izontal Shear

SECTION A—GREEN MATERIAL

Size of

shake
(inches)
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Table 5.—Strength Ratios Corresponding to Various Combinations of Size of

Shake and Width of End of Piece—Continued

Beams and Stringers (Strength Ratios for Stress in Hor-
Joist and Plank j izontal Shear

SECTION B—SEASONED MATERIAL

Size of
shake
(inches)
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Table 6.—Strength Ratios Corresponding to Various Combinations of Size of

Shake and Width of End of Piece

Posts and Timbers-
Strength Ratios for Stress in Com-

pression Parallel to Grain
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Table 7.—Strength Ratios Corresponding to Various Widths of Wane

Beams and Stringers j Strength Ratios for Stress in Ex-
Joist and Plank / treme Fiber in Bending

Posts and Timbers J

Strength Ratios for Stress in Com-
I

pression Parallel to Gram

Width of wane—fraction of nominal width of face
(inches)



Wooden Bridges and Trestles 819

D. Cross Grain

When the direction of wood fibers is not parallel to the axis of the piece longitudinal

tensile and compressive stresses have components acting across the grain, in which direc-

tion wood is least strong. Cross grain is undesirable also because of the tendency of a

cross-grained piece to twist with changes in moisture content. The limitations in table 1

are derived from tests on small specimens representing several species. The effect of cross

grain is less on small specimens than on timbers because of the lesser developments of

checks in seasoning.

E. Knots

Knots interrupt the direction of the grain and cause localized cross grain with steep

slopes.

Knots have most influence on the strength of members used in bending when they

are on or near the top or bottom faces within the central portion of the length. Their

effect is much less when they are near the middle of the vertical faces. Knots at or near

the top or bottom faces have little influence when they are near the ends of the piece.

When a knot on the top or bottom face occupies a given proportion of the width,

the strength is reduced in approximately that proportion. Hence the size of a knot is

taken as its width between lines enclosing the knot and parallel to the edges of the piece.

Knots on the narrow faces of joist and plank are measured only when the piece is "box

heart" or is side cut with "rift grain" on the wide faces. A knot showing on the narrow

face of a flat-sawn side-cut piece shows on one or both adjacent wide faces and the

specified limitations to knots on wide faces of joist and plank are sufficient.

Because of the differing uses beams and stringers differ from joist and plank with

respect to measurement and limitation of knots on the wide faces. In beams and stringers

the smallest dimension is a simple and sufficient criterion of the effect on strength. In

joist and plank a measure of the reduction of effective width of the piece is afforded by

the average diameter. The permissible size of knot along the center of the wide face is

determined by the effect on bending strength when the piece is used flatwise. In deter-

mining the size permissible at the edge the effect when the piece is used on edge is con-

sidered and the height is assumed to be reduced by an amount equal to the size of the

knot permitted at the edge of the face.

In posts and timbers the average diameter of a knot is used as the measure of the

reduction in the effective cross section of the piece. The maximum size of knot permitted

is the same regardless of its position in the piece.

Increase in the sizes of knots cause increased deviations in grain direction and the

sizes beyond certain limits are permitted to increase only in proportion to the square root

of the width of the face.

Cluster knots and knots in groups are prohibited because the sizes of the individual

knots are not good measures of the deviation of grain and the resultant effect on strength.

F. Shakes and Checks

Shakes in members subjected to bending reduce the resistance to shear or the sliding

of parts of the member on each other. Their effect is assumed to be approximately pro-

portional to the reduction of shear-resisting area. In beams and stringers and in joist

and plank the permitted size of shake in green ^material increases uniformly from zero

for a strength ratio of 100 per cent to one half the width of the piece for a strength ratio

of SO per cent ; in seasoned material the corresponding limits are one ninth and five ninths

the width of the piece, respectively.
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Shakes do not greatly affect the strength of members subjected to longitudinal com-

pression. They are limited in post and timber grades primarily because of appearance

and the opportunity they offer for the start of decay. The size of shake permitted in

green posts and timbers increases from two tenths the width of the piece for a strength

ratio of 100 per cent to six tenths the width for a strength ratio of SO per cent. The

corresponding limits for seasoned material are three tenths and seven tenths, respectively.

The influence of checks and splits is similar to that of shakes. Limitations of shakes,

checks, and splits differ according to whether inspection is made while the timber is green

or after it has seasoned. Those for the seasoned condition are necessarily the more lib-

eral because of the formation of checks and the likelihood of extension of shakes in

seasoning.

G. Wane

The schedule of permissible sizes of wane as given in table 7 has been made to con-

form with usual practice in grading although in some instances more strict limitations

are imposed because of appearance or for other reasons. Undue importance is often at-

tached to wane but its actual effects are much less than is implied by table 7. For ex-

ample, the loss in strength due to wane one fourth the width of two adjacent faces of a

beam is only about 9 per cent and if such wane extended the full length of a beam the

deflection of the beam under load would be only about 7 per cent greater than if no

wane existed. It is safe to assume that the percentage reduction in bending strength due

to wane does not exceed three times the percentage reduction in area of cross section of

the piece. Wane at the ends of beams is often undesirable because of the eccentric and

reduced area available for bearing.

H. Pitch Pockets

Pitch pockets ordinarily have so little effect on timbers of structural size that they

can be disregarded in grading for strength. If a number of pitch pockets are in or close

to one annual growth layer a weakness in bond between growth layers is likely to exist

and the piece should be carefully inspected for shakes.

I. Holes

Holes may be caused by the dropping out of knots; by the "peck" to which some

species, principally cypress, are subject ; by insects and worms that attack wood ; or by

tools used in handling logs or timbers. The effect of knot holes or of loose or encased

knots is likely to be less than that of tightly intergrown knots of the same size because

of the usually lesser deviation of grain. The effect of holes from other causes is due

principally to the absence of wood and the cutting across of fibers, and as such holes do

not cause deviations of grain, the effect is less than that of knots of the same sizes.

PART 4. DETERMINATION OF WORKING STRESSES

B.^sic Stresses

The values listed in table 8 afford a basis for the computation of design stresses.

They are basic stresses for clear material used under such conditions of exposure that

deterioration is not to be expected—for example, timbers that remain too dry to support

the growth of decay. Except for stress in compression perpendicular to grain they also

apply to timbers that will remain too wet for decay to attack them. They are termed

basic because they are the values suggested as appropriate to pieces having a strength
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ratio of 100 per cent. They are applicable to long-time loading and inasmuch as factors

of safety have been applied in their derivation they require modification only for the

grade of timber used and for the conditions of exposure to which it will be subjected in

service. With certain exceptions which are pointed out later, multiplication of the values

in table 8 by the strength ratio or ratios of the grade gives the design stress for material

that will remain either dry or saturated.

Table 8.—Basic Stresses for Clear Material—Not for Use in Design but for Determining

Design or Working Stresses According to the Grade of Timber and the Condition of

Exposure

[All values are in pounds per square inch
J

Kind of Wood
American Standard Nomenclature

1

Softwoods:
Cedar, Alaska
Cedar, northern and southern white
Cedar, Port Orford
Cedar, western red
Cypress, tidewater red
Douglas fir, coast region
Douglas fir, coast region, close-grained
Douglas fir, inland region
Douglas fir, inland region, close-grained
Douglas fir. Rocky Mountain region
Douglas fir, dense, all regions
Fir, comTOercial white
Fir, balsam
Hemlock, eastern
Hemlock, West Coast
*Larch
Larch, close grained
Larch, dense
Pine, Idaho white, northern white,

sugar, and ponderosa
Pine, Norway
Pine, longleaf and shortleaf southern
Pine, longleaf and shortleaf southern,

dense
Redwood
Redwood, close-grained
Spruce, Engelmann
Spruce, red, white, and Sitka
Tamarack

Hardwoods:
Ash, commercial white
Ash, black
Beech
Birch, sweet and yellow
Chestnut
Elm, rock
Elm, soft
Gum, black and red
Hickory, true and pecan
Maple, hard
Oak, commercial red and white
Tupelo

Extreme
fiber in

bending

1,466
1,000
1,466
1,200
1.733
2,000
2,133
1,800
1,920
1,466
2,333
1,466
1,200
1,466
1,733
1,800
1,920
2,100

1,200
1,466
2,000

2,333
1,600
1,707
1,000
1,466
1,600

1,866
1,333
2,000
2,000
1,266
2,000
1,466
1,466
2,533
2,000
1,866
1,466

Compres-
sion per-
pendicu-
lar to
grain

250
175
250
200
300
325
345
315
335
275
380
300
150
300
300
325
345
380

250
300
325

380
250
267
175
250
300

500
300
500
500
300
500
250
300
600
500
500
300

Compres-
sion paral-
lel to grain
L/ d = 10

1,066
733

1,200
933

1,466
1,466
1,565
1,386
1,478
1,066
1,711
933
933
933

1,200
1,466
1,565
1,711

1,000
1,066
1,466

1,711
1,333
1,422
800

1,066
1,333

1,466
866

1,600
1,600
1,066
1,600
1,066
1,066
2,000
1,600
1,333
1,066

Maximum
horizontal

shear

120
93
120
106
133
120
120
120
120
113
140
93
93
93
100
133
133
155

113
113
146

171
93
93
93
113
126

167
120
167
167
120
167
133
133
187
167
167
133

Modulus
of elas-

ticity

1,200,000
800,000

1,200,000
1,000,000
1,200,000
1,600,000
1,600,000
1,500,000
1,500,000
1,200,000
1,600,000
1,100,000
1,000,000
1,100,000
1,400,000
1,300,000
1,300,000
1,300,000

1,000,000
1,200,000
1,600,000

1,600,000
1,200,000
1,200,000
800,000

1,200,000
1,300,000

1,500,000
1,100,000
1,600,000
1,600,000
1,000.000
1,300,000
1,200,000
1,200,000
1,800,000
1,600,000
1,500,000
1,200,000

• The above values for Inland Empire Douglas fir have been determined and are published by the
Western Pine Association. The above values for Larch have been determined and are published by the
Western Pine Association. Tests by the Forest Products Laboratory of small clear specimens show that
larch b entitled to a higher stress in extreme fiber in bending than 1600 lb., but limited tests of larch in

structural sizes indicate a stress of 16001 as warranted, and other stresses for larch as shown above.
The Laboratory does not provide higher stresses for close-grained and dense larch.
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Higher initial strength than would otherwise be required is desirable in timbers ex-

posed to decay or other deterioration in order to offset the effects of deterioration and

delay replacement. It may be provided by arbitrarily increasing the size of the timbers

or by using lower' design stresses. * * *

No simple rule for increasing the size of members or modifying design stresses can

cover all conditions of use. * * * Factors to be considered include the extent to which

the exposure favors decay, the expected life of the structure or part, the frequency and

thoroughness of inspection, the original cost and the cost of replacements as well as the

durability of the heartwood of the species and the amount of sapwood permitted. If

treated timbers are used, the efficiency of the treatment and any loss of strength caused

by the processes employed in preparing the material and injecting the preservative should

receive attention.

Basic stresses in extreme fiber in bending, compression parallel to grain, and com-

pression at right angles to grain are increased for "close-grain" material and for dense

material. Basic stress in horizontal shear is increased for dense material but not for

close grain.

Allowable stresses in extreme fiber in bending, in horizontal shear, and in compres-

sion parallel to grain are varied in accordance with strength ratio. An addition, varying

in amount with the strength ratio, is made to the allowable stress in extreme fiber in

bending and in compression parallel to grain for material 4 inches and less in thickness

used where it will be continuously dry.

Computation of Working Stresses

Allowable working stresses for any grade can be found by the following steps:

(1) Find the strength ratio by comparing the description of the grade with the

specification requirements under consideration and the tables given in part 2; (2) mul-

tiply this ratio by the basic stress (table 8) as modified for the exposure condition except

that: (3) For material 4 inches or less in thickness to be used where continuously dry,

the strength ratio for stress in extreme fiber, or for stress in compression parallel to grain

is first increased by one half of its excess over SO per cent. If, for example, the strength

ratio for stress in extreme fiber in bending for a grade of joist and plank is 66% per cent,

and the material is to be used where it will be continuously dry, the working stress is

75 per cent of the basic stress for the species under consideration.

The application of (3)' gives to dry material 4 inches or less in thickness and free

from imperfections that affect strength, stresses in bending and in compression parallel

to grain 25 per cent in excess of those listed in columns 2 and 4 of table 8.

The strength ratio for stress in com.pression perpendicular to grain is 100 per cent

for all grades. Consequently, the allowable working stress for any grade is the basic

stress (table 8) as modified for the exposure.

Working stresses in compression parallel to grain as found by the method just out-

lined apply to posts, columns, struts, etc., whose unsupported length does not exceed 10

times the least dimensions of the cross-section. For more slender members these stresses

are to be used in connection with a suitable column formula.

Recent experiments have shown that only part of the maximum end reaction pro-

duced by the loads to which a member is subjected is effective in producing horizontal

shearing stress in a checked beam. Results of these experiments should be taken into

account in determining the effective external shear. Shear stresses 50 per cent in excess

of the values in column S of table 8 are suggested for use in designing details of joints.

Tests have shown that the tensile strength of wood exceeds the modulus of rupture
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as found from bending tests. Hence basic stresses in tension fully equal to those listed

in column 2 of table 8 are justified. However, the design load for a wooden tension

member depends also on the strength of the joints through which the tensile load is

transmitted to it.

Recent studies have provided data for the more exact design of joints made with

bolts and for the design of joints which utilize various types of modem connectors. The

use of such connectors, which have been widely used in Europe, permits simplification of

assembly and the use of preframed timbers and also in many instances results in improve-

ment in the design and efficiency of joints. Joints can be designed for a working load

as great as 75 per cent or more of the tensile load proper for a member consisting of

clear wood. Such a joint would, of course, carry the full load of a member whose

strength was reduced to 75 per cent or less of the strength of clear wood by the presence

of knots or cross grain.

Appendix C

(3) OVERHEAD WOODEN OR COMBINATION WOODEN AND
METAL HIGHWAY BRIDGES

R. P. Hart, Chairman, Sub-Committee; F. H. Cramer, R. W. Gustafson, C. J. Hogue,
W. D. Keeney, W. A. OHver, G. W. Rear, H. T. Rights, G. C. Tuthill, W. R. Wilson.

SECTION I—DIMENSIONS—FIRST-CLASS PILES FOR HIGHWAY BRIDGES

The 1934 report of this Committee (page 999, Bulletin 364) included a table of pro-

posed dimensions for "First-Class Piles for Highway Bridges" and it was expected that

such table would again be submitted this year with recommendation that it be adopted

for printing in the Manual. However, the table of dimensions given below has since

been issued in the "Proposed Revised Tentative Specifications for Timber Piles, ASTM
Designation D 25-T", piles of these dimensions being classified as Class B, suitable for

use in docks, wharfs, highway work and general construction. Discussion arose in com-

mittee meeting as to which of these tables of dimensions should be submitted for the

Association's approval and printing in the Manual. Letter-ballot was sent to all mem-
bers of Committee VII to decide the matter. Results of this ballot showed seven favoring

ASTM dimensions given below, six favoring dimensions given in AREA Bulletin 364

and 11 not voting. It is significant that the table of dimensions in "Proposed Revised

Tentative Specifications for Timber Piles, ASTM Designation D 2S-T", for piles classified

as Class B, suitable for use in heavy railway bridges and trestles, does not conform to

current AREA Specifications for First-Class Piles.

ASTM Table II—Class A Piles*

Diameter 3 Ft. from Diameter of

Butt, in. Tip, in.,

Length, ft. Minimum Maximum minimum
Douglas Fir and Southern Pine Piles*

Under 40 12 20 8
40 to 50 12 20 7

SO to 70 13 20 7

70 to 90 13 20 6

Over 90 13 20 S

• Where larch, lodge pole or Norway pine, spruce, or tamarack piles are specified, their dimensions
shall correspond to those shown in this table.

* Class B piles are suitable for use in docks, wharves, highway work and general construction. The
minimum diameter of butt assumes the use of load-bearing timber caps 12 in. in width.

A
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^-'•^- - Black Oak, Chestnut, Cypress, Pin Oak, Post or Burr Oak,

Red Oak, White Oak, or Willow Oak Piles

Under 30 ' 12 18 8

30 to 40 13 20 8

Over 40 13 20 7

Cedar Piles

Under 30 12 22 8

30 to 40 13 22 8
Over 40 13 22 7

"First-Class Piles for Highway Bridges" as shown on page 999, Bulletin 364.

14 (a) Southern pine and Douglas fir piles shall have the following limiting dimensions:

Diameter 3 Ft. from Butt Diameter of Tip
Length Minimum Maximum Minimum

Under 40 Ft 12 In. 16 In. 8 In.

40 Ft. to 50 Ft 13 In. 16 In. 7 In.

50 Ft. to 60 Ft 14 In. 18 In. 7 In.

Over 60 Feet 14 In. 20 In. 6 In.

14 (b) Oak of all species or cypress piles shall have the following limiting dimensions:

Diameter 6 Ft. from Butt Diameter of Tip
Length Minimum Maximum Minimum

Under 30 Ft 12 In. IS In. 8 In.

30 Ft. to 40 Ft 12 In. IS In. 7 In.

Over 40 Feet 12 In. IS In. 6 In.

14 (c) Western red cedar piles shall have the following limiting dimensions:

Diameter 6 Ft. from Butt Diameter of Tip
Length Minimum Maximum Minimum

Under 30 Ft 12 In. 18 In. 8 In.

30 Ft. to 40 Ft 13 In. 20 In. 8 In.

Over 40 Feet 14 In. 22 In. 7 In.

SECTION II—PLAN—RECOMMENDED PRACTICE FOR OVERHEAD TIMBER
HIGHWAY BRIDGE FOR H-IS LOADING

Your Committee has consolidated on one plan the principal features of two typical

plans previously presented as information. Bridges built substantially in accordance with

this plan have been under study and observation for a period of four years and found

to be giving excellent service. It is thought that this plan is adequate to serve as a guide

in preparing detailed plans for any ordinary overhead highway crossing at a specific

location.

SECTION III—REPORT ON AN EXPERIMENTAL STUDY OF THE LOAD DIS-

TRIBUTION TO THE STRINGERS OF A FULL SIZED LAMINATED FLOOR
PANEL

In August, 1934, William A. Oliver, Associate in Civil Engineering, University of

Illinois, conducted, in the Civil Engineering Department of the University of Illinois

Engineering Experiment Station, an experimental study of the load distribution to the

stringers of a full sized laminated timber floor panel. Mr. Oliver's report, given in full

below with illustrations, has been found by your Committee to be most interesting and

instructive. It will be of particular value to those who may undertake to prepare or

revise specifications for design of this type of floor.
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REPORT ON AN EXPERIMENTAL STUDY OF THE LOAD DISTRIBUTION TO
THE STRINGERS OF A FULL SIZED LAMINATED FLOOR PANEL

Preliminary.—There has recently been completed in the Engineering Experiment

Station of the University of Illinois an experimental study of the load distribution in

laminated timber floor slabs. At the end of this series of tests, a full sized floor panel

which had not been loaded beyond the elastic limit of the material had been left in place

in the testing machine. The report contained herein covers the test made of that floor

panel to determine the distribution of load to the stringers.

Acknowledgments.—^The work was done in the Structural Research Laboratory of

the Department of Civil Engineering of the University of Illinois Engineering Experiment

Station. Prof. W. C. Huntington is Head of the Department and Dean M. L. Enger is

Director of the Station. The material used in the panel was furnished by the National

Lumber Manufacturer's Ass'n. of which F. P. Cartwright is Chief Engineer. The writer

wishes to express his appreciation for many suggestions given him by Prof. Huntington
during informal discussions of the test.

Purpose of Investigation.—As stated before the purpose of the test was to deter-

mine the percentage of load distribution to the stringers of the floor panel. This was to

be accomplished in two ways—first, by means of stringer deflections and, second, by
means of strain gage readings taken on the stringers. The results obtained from the

strain gage data were not satisfactory and are not presented here. However, it may be

said that they did roughly check the results obtained from the deflections.

Description of Specimen and Loading Device.—The data for the following descrip-

tion of the test panel were obtained from a Master's thesis written by L. F. Buran in

1932. Mr. Buran's principal interest was in the action of the laminated floor and his

thesis deals with that subject.

The panel is shown in the photograph of Fig. 5 and in the drawing of Fig. 1. The
floor was made up of seventy-four 2X6 Douglas fir laminations, 16 ft. long. The lat-

eral dimensions of the laminations are nominal, the actual dimensions being about
1^'" X 55^". They were fastened together with 30d nails at a 9-inch stagger. This
nailing pattern was reversed in each successive lamination. Each lamination was, also,

toenailed to each stringer with a 30d nail. The seventy-four laminations made a total

slab width of about 10 ft.

As can be seen in the drawing there were six 4 X 14 fir stringers. These were placed

three feet on centers and had a center to center of support span of 16 feet. They were
notched at the point of bearing at the supports in order to provide a crown across the

panel, that is, parallel to the direction of the laminations, and were bolted to the cap
timbers with ^ in. bolts passing through both cap and stringer. The actual dimensions
of these stringers and other properties will be found in Table 1 below:

Table 1—Properties of Stringers

Center Line Moisture Modulus of Moment of

Stringer Dimensions Content Elasticity Inertia Specific

No. in Inches Per Cent lb. per sq. in. in* Gravity

1 3.74X13.62 8.9 2,278,000 787.45 0.59

8.3 2,042,000 0.53

Mean 8.6 2,160,000 0.56

2 3.92X13.03 8.5 2,640,000 722.67 0.61

9.4 2,740,000 0.60

Mean 9.0 2,690,000 0.61

3 4.00X13.28 10.4 1,985,000 780.68 0.46

8.6 1,755,000 0.44

Mean 9.5 1,870,000 0.45

4 4.03X13.45 12.1 1,866,000 817.13 0.60

9.7 2,350,000 0.54

Mean 10.9 2,108,000 0.57

5 3.94X13.11 10.3 2,730,000 739.81 0.61

9.3 2,620,000 0.60

Mean 9.8 2,675,000 0.61

6 4.04X13.34 9.9 1,570,000 799.22 0.44

9.1 2,050,000 0.49

Mean 9.S 1,810,000 0.47
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Two 10 X 14 redwood caps supported the stringers and were in turn supported by
four other 10 X 14 X 20 ft. redwood timbers running from cap to cap and symmetrically
spaced about the center line of the panel. These latter were balanced across a timber
which rested directly on the weighing bed of the 100,000 lb. Olsen testing machine. Thus
a load applied to the deck by the movable head of the machine was passed from the
deck to the stringers, to the caps, to the 10 X 14 timbers and thence to the bed of the

machine.

The load was applied directly to the deck by means of two steel plates with rounded
edges, 7" X 9" X 1" and spaced 16 in. on centers, simulating as nearly as possible the

dual tire of a heavy truck. A spherical loading block resting on a short cross beam
insured an equal distribution of load to the plates. Four rods secured to the movable
head of the testing machine passed through the laminated floor and transferred their load
to a beam which was seated on the spherical loading block.

The loading device described above was essentially the same as that shown in the
photograph of Fig. 5. Changes were made in the apparatus in connection with the test

reported here in order to increase its load carrying capacity. This photograph was made
to be used as a part of Mr. Buran's thesis, mentioned above. It should, also, be noted
that in the test of this report the loading plates were at right angles to the position shown
in the photograph. This assumes the tire to be running parallel to the span of the
stringers as is normally the case on an actual structure.

Properties of the Materials.—Subsequent to testing, the panel was dismantled and
as soon thereafter as possible moisture determinations were run for each stringer. The
moisture contents are shown in Table 1. The average content was about nine per cent
based on the weight of the oven dry material. Since the panel had been standing in the
laboratory for some time before testing the lumber was thoroughly seasoned and low
moisture content was expected.

Bending test specimens to be used in the determination of the modulus of elasticity

were taken from each stringer at the same time that the moisture tests were made. Two
of these specimens were cut from the bottom of each stringer at about the 1/3 points

or where clear specimens could be obtained. They were dressed to nominal 2 inch by
2 inch lateral dimensions and were tested on a 28 inch span as nearly as possible in ac-

cordance with the ASTM standards for testing small clear specimens of timber in bending.
The values of the modulus of elasticity obtained from these tests are shown on Table 1.

The mean value obtained from the two specimens was considered as the average for the
stringer and it was this value that was used in the computations.

As a further check upon the stiffness of the material in the stringers, specific gravity

tests were made. The specific gravity determinations are based upon the weight, in air,

of the oven dry material. The values of the specific gravity obtained are shown in

Table 1 and check very well the variation in modulus of elasticity found from stringer

to stringer.

Description of Test.—In the test of the panel, strain gage and deflection readings

were taken at a mean initial load on the panel of about 11,000 lb. and at load increments
varying from 2,000 to 5,000 lb. until failure occurred. The panel and apparatus were
first weighed on the machine. This dead load weight amounted to 8,930 lb. The load
at which the initial set of readings was taken was made up of this dead load plus about
2,000 lb. The actual loads will be found on Table 2 below:
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Table 2—Loads, Load Changes and Center Line Deflection Changes

2 3 4 5 6 7 8 9 10 11 12

Changes in Deflection

5

Corrected

Recorded Load Change
Load Load Values (Mean Less from

No. 1st 2d Mean 89301b.) Load 1 1

2015

13

jrom Initial Deflection

Stringer Number
2 3 4 5

Load
Change

6 No.
11000 10890 10945

13000 12820 12860 3930

15000 14840 14920 5990

17000 16870 16935 8005

20000 19770 19885 10955

25000 24750 24875 15945

30000 29600 29800 20870

8 35000 34610 34805 25875

9 40010 39690 39850 30920

10 45000 44550 44775 35855

11 50140 49450 49795 40865

12 55000 54370 54685 45755

1915 .0101 .0270 .0426 .0426 .0192 .0187 1

3975 .0222 .0551 .0856 .0857 .0406 .0359 2

5990 .0367 .0809 .1279 .1270 .0674 .0517 3

8940 .0565 .1193 .1884 .1873 .1071 .0742 4

13930 .0902 .1841 .2907 .2882 .1749 .1106 5

18855 .1254 .2488 .3941 .3890 .2425 .1457 6

23860 .1602 .3146 .5013 .4940 .3101 .1808 7

28905 .1956 .3803 .6089 .5992 .3780 .2169 8

33840 .2305 .4461 .7150 .7047 .4442 .2530 9

38850 .2680 .5129 8115 .5124 .2901 10

43740 .3031 .5780 5802 .3287 11

The deflections were measured with an Ames' dial deflectometer reading to 1/10000

of an inch. They were measured from a plane of reference to the under side of the

stringer. The planes of reference were unstressed timber members hung below each

stringer and supported by two other members on either side of the stringers. These sec-

ond members were supported on bolts passing through the stringers at their neutral axes

at the center line of the stringer supports. As far as the individual stringers are con-

cerned this detail eliminated the effect of any vertical movement at the supports. These

planes of reference can be seen in the photograph on Fig. 5.

It should be noted here that the elastic effect of the redwood caps and cross timbers

upon the load distribution was ignored. That the neglect of the resultant error was
justified may be seen in the following discussion of the results obtained.

Results of Test.—Failure of the panel occurred in the deck. The third lamination

west of the north and south center line had a knot in its lower side about seven inches

north of the east and west center line (See diagram on Fig. 1). Slab failure apparently

started at this point, the lamination breaking at a mean total load of 54,685 lb. How-
ever, a distinct sag at the center of the deck was evident beginning at the second or

third load. Due to this continually increasing sag of the deck and to the failure of the

lamination the highest load at which satisfactory readings could be obtained was about
55,000 lb. (See Table 2). The ultimate load carried by the panel was 74,490 lb. Assum-
ing that the fibre stress v.'ould increase in direct proportion to the load even beyond the

elastic limit of the material this ultimate load would correspond to a fibre stress of ap-
proximately 7000 lb. per sq. in. in the most heavily loaded stringer, stringer No. 4. From
this it will be seen that the stringer was stressed beyond the average elastic limit of

Douglas fir although it probably would have been able to carry a considerably greater

ultimate load.

In considering the load distribution to the stringers the initial load was taken as the
zero load and all other loads were measured from it. The same is true of course for the
corresponding deflections. A discussion of Table 2 will explain this. The mean recorded
load value shown in Column 4 of Table 2 is the mean of the load as weighed on the
machine immediately before and after taking a set of readings. The difference represents

the falling off of the load due to the settling of the panel. The corrected load of Col-
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Fig. 1.—Diagram of Panel Test of Large Timber Floor Panel.

umn 5 is the mean value of Column 4 minus the dead load weight of panel and appa-
ratus (8930 lb.) and may be termed the live load. Column 6 shows the total change
from Load 1 to each succeeding load. These values are called load changes. The fol-

lowing columns are the corresponding changes in deflection measured from the deflecto-

meter reading taken at Load 1.

In the computations for the distribution of the load it is assumed that the total load

on the panel was distributed to the stringers as concentrated loads. Actually the load

would be distributed along the stringer having a maximum value at its center line and
falling off by some indeterminate method of variation to zero at the edge of the deck.

The assumption that the measured deflection was caused by a concentrated load would
make the computed load on the stringer appear smaller than it actually was and hence

the total computed load on the panel should be smaller than the actual total load as

determined from the testing machine. A consideration of the graphs of Fig. 2 will show
that this was the result obtained. In this figure total weighed changes in live load and
total computed changes in live load have been plotted against load change numbers. The
fact that the graph is curved carries no significance. If load numbers were laid off in

proportion to load increases the curves would be straight lines. It will be noticed that

the curves are very close together which indicates that the error introduced by assuming
the distributed load to be a concentrated one was not serious. Doubtless the fact that

the difference between measured and computed total load increases slightly but consist-

ently with the load is due to the increased lateral spread of the load as the intermediate

stringers continue to sag. During the last two loadings at which deflections were read,

stringers 3 and 4 had sagged below the range of the deflectometer, consequently these

points are missing on all curves.

The center line deflection curves for varying load change will be found plotted on
Fig. 4. The curve data will be found in Table 2. These are typical deflection curves

and their chief value lies in the fact that they show the data obtained in the test to have
been at least consistent. They, also, show to a certain extent the effect of the stiffness

of the stringers upon the distribution of the load.

The value of the load carried by the stringers was determined from the expression
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for concentrated loads in terms of the deflection at the center line of a simply supported

beam, that is

^ ^ . 48 . EI

L cubed

where p = load in lb.

A = deflection at center line in inches

£ = Modulus of Elasticity in lb. per sq. in.

/ = Moment of Inertia of center line section in inches to 4th power
L = Span in inches

48 .EI
The expression r

^,. /,„
j may be termed the stiffness factor and will vary from strmger

to stringer. The values for "E" and "/" will be found in Table 1. The values of "A"
for the various stringers and load changes will be found in Table 2. The values for "P"
for the six stringers as determined by means of the above relationship will be found in

Table 3 below. The sum of these ' P" values (see Column 8 of Table 3)' for any given

load change should of course equal the total load as determined from the testing machine

and it is this value that was plotted on Fig. 2 which has been previously discussed.

o Actual Load CWa»AQe hu, Machmc
A Computed Load bi^ DcFleoVioMS

ŝ
z

X
o
tJ
a

Tiqufe No. Z.

Total Load Ghanoe Curves
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To'iul Load Chay)^e in Kips.
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Table 3—Stringer Loads Determined From Deflections

1 2 3 4 5 6 7 8
Load Stringer Number
Change 12 3 4 5 6 Total

No. pi p2 p3 p4 p5 p6 P
1 116 356 422 496 268 184 1842

% of Total (6.3) (19.3) (22.9) (26.9) (14.6) (10.0) (100 )

2 256 727 846 1000 544 353 3726

% of Total (6.9)' (19.5) (22.7) (26.8) (14.6) (9.5) (100 )

3 423 1067 1268 1482 904 S07 5651

% of Total (7.5) (18.9) (22.4) (26.2) (16.0) ( 9.0) (100 )

4 652 1574 1866 2185 1438 728 8443

% of Total (7.7) (18.6)' (22.1) (25.9) (17.0) (8.6) (99.9)
5 1019 2428 2880 3365 2346 1087 13125

% of Total (7.8) (18.5) (21.9) (25.6) (17.9) ( 8.3) (100 )

6 1442 3282 3907 4540 3250 1430 17851

% of Total (8.1). (18.4) (21.9) (25.4) (18.2) ( 8.0) (100 )

7 1846 4140 4960 5760 4160 1775 22641

% of Total (8.1) (18.3) (21.9) (25.4) (18.3) ( 7.8) ( 99.8)

8 2255 5016 6030 6990 5070 2130 27491

% of Total (8.2) (18.2) (22.0) (25.4) (18.4) (7.7) (99.9)
9 2660 5884 7080 8220 5960 2488 32292

% of Total (8.2) (18.2) (21.9) (25.4) (18.5) ( 7.7) ( 99.9)

10 3088 6765 9460 6870 2850
% of Total

11 3490 7624 7780 3230
% of Total
Stiffness Factor 11520 13190 9900 11680 13410 9820
Stiffness Ratio 165 .189 .142 .168 .193 .141

The values for the stiffness factors
48 EI
L cubed ^^^ ^^^ ^^^ stringers are given at the

bottom of Table 3. Just below the stiffness factors values for the stiffness ratio are

shown. The stiffness ratio is the ratio of the stiffness factor of a stringer to the sum of

the stiffness factors of all the stringers. This stiffness ratio shows the relative strength
of the stringers, and is a factor in load distribution. On the same table the percentages
of the total load carried by the stringers are shown in parentheses below the values for
"p". These percentages of total load carried are plotted against load change numbers in

Fig. 3 and it is here that it is most convenient to study the effects of stringer strength
upon the distribution of the load.

A reference to Fig. 3 shows that the curves arrange themselves into three groups.
The curves for stringers 3 and 4, the center group of stringers, the curves for stringers

2 and 5, the mid-group of stringers and the curves for stringers 1 and 6, the outside
group. If the six stringers were of equal strength the curves for stringers 3 and 4 would
coincide and the same would be true for the other two groups. Stringer 4 is a stronger
piece than stringer 3, however, and as the curves show carries a relatively higher per-

centage of the load. A comparison of the ratio of percentage of total load carried with
the ratio of the stiffness ratios for the two stringers will show that these are very nearly
the same. As the load increased stringer 4 apparently threw more of the load to stringer

5 and 6.

While it is interesting to consider the effects of the stringer strengths upon the dis-

tribution of the load as has been done in the preceding paragraph the important thing

to note is that the change in the percentage of the total load carried by the stringers was
not large. It amounted to a loss of 1.5 per cent of total load carried for stringer 4 and
a loss of 1.0 per cent for stringer 3, the two most heavily loaded stringers. The elasticity

of the supports would tend to make the outer stringers take more of the load than they
would carry if the supports had been rigid and as stated before this factor has been neg-
lected. However, the close check between computed and weighed total load (see Fig. 2)

would indicate that the resultant error was small and that the test panel behaved in a
manner similar to the panel of an actual structure of the same dimensions and with the

same type of loading.
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Stringers 3 and 4 carried practically SO per cent of the total load throughout the

test—about 25 per cent to each (see Table 3). With the load centered over one of these

members instead of being midway between them as in this test the loaded stringer would
of course have carried a considerably larger percentage of the load—just how much
larger is hard to say. Three feet centers is greater than the normal spacing of stringers

but a closer spacing would have decreased the loads on stringers 3 and 4. Furthermore,
any type of wearing surface would have tended to increase the stiffness of the deck and
consequently would have further decreased the loads carried by the two stringers.

A second wheel load on the deck six feet to the north or south of the actual load

would have increased the load on stringers 3 and 4. It seems reasonable to think that

the second wheel would have had about the same effect on the stringers under considera-

tion as the actual load had upon stringers 1 and 2 or 5 and 6 which were 4J^ feet and
7^ feet from the center of the load, respectively. In other words the loads would have
been increased from 10 to 15 per cent (see Table 3). This would have made the total

load on the stringers about 40 per cent of the total load on the deck. In the case of one

method of load distribution to stringers which the writer happens to have at hand
(Steel and Timber Structures, page 383, by Hool and Kinne) for a similar type of deck
with the same stringer spacing and with the wheel considered as being over it, the

stringer would be designed to carry 66 per cent of the total wheel load. This certainly

seems a conservative enough value if the results of the test herein described may be con-

sidered as indicative of actual conditions.

One test does not justify the drawing of conclusions and more tests of a similar

nature would be of value. However, the limited data presented here may be of some
interest to those who have had the problem of load distribution to stringers in mind.

Conclusions

1. It is recommended that the Association determine by ballot which of the two

tables of dimensions of piles offered shall be adopted and printed in the Manual.

2. Section II is submitted tentatively for future adoption and printing in the Manual.

3. Section III, report by William A. Oliver, is submitted as information with recom-

mendation that the thanks of the Association be extended to Mr. Oliver.
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Appendix D

(4) DESIGN OF WOODEN TRESTLES FOR HEAVY LOADINGS

H. M. Church, Chairman, Sub-Committee; G. M. Cornell, W. R. Edwards, S. F. Grear,

J. A. Newlin, G. W. Rear, W. R. Roof, W. J. Ryan, D. W. Smith, W. R. Wilson.

There is presented this year for general criticism, pursuant to inclusion later in the

Manual a design of open deck timber frame trestle and pile trestle for E-72 loading.

As a part of the design there is presented a table showing stresses developed in the limit-

ing members of the structure with various span lengths and various stringer sizes. In

working a particular design from these plans the allowable working stresses in shear,

bending and bearing will first have to be determined from the kind and quality of timber

to be used. With these stresses and the desired span length the most desirable design of

bent and stringer can then be determined from the table.

In the plans presented there are shown two types of stringer layout, the regular butt

joint similar to the arrangement used in present plans included in the Manual for Ughter

loadings, and a new type of lap chord. It is contemplated that both types will be in-

cluded as recommended practice. The advantages of the newer lap chord design may
be enumerated as follows:

1. The necessity of cutting stringers to fit is avoided; use of single span

stringers and more economical cost in framing and erection when preframed

and prebored.

2. Additional bearing area is secured over the cap.

The principal disadvantages in the scheme is the slight eccentricity of loading induced

by the fact that the center line of a stringer is not parallel with the center line of the

bridge. It is believed that the advantages far outweigh the disadvantages and that the

lap chord should be presented as an alternate design to the usual butt arrangement of

stringers. In this connection, attention should be called to the fact that in the stress

table bearing pressures over the cap are calculated on the butt stringer design and that

where lap chord is used the bearing stresses will be materially reduced.

The arrangement of longitudinal bracing presents a departure from previous practice.

The attempt has been made to find a design that will result in more positive action than

can be secured with the ordinary type of longitudinal brace bolted to the side of the

posts or piles. Two designs of bracing are presented. In one design the load is carried

by the braces in compression to a bearing between the brace and the post. In the other

arrangement the load is carried from one brace to another at a butt joint with a bolted

joint at one end of the brace. The size of the longitudinal braces and girts has been

increased to 6" X 10".

Considerable difficulty has been encountered in the past in maintaining caps. The

high bearing pressures perpendicular to the grain to which these members have been

subjected have probably accelerated deterioration of the timber. To alleviate this trouble

the design presented calls for 14" X 14" caps and, where large butt diameter piles are

used 14" X 16" caps laid flat are recommended. Bearing stresses for both sizes of caps

are given in the table. There is also presented an alternate plan for a steel cap.

In previous designs for lighter loadings necessary superelevation for bridges on curves

has been framed in the posts or piles. In the design presented with this report super-

elevation is framed by the use of a supplementary wedge-shaped cap. It is believed this

will provide a more flexible arrangement and one which will make easier the framing of

the bents.
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In last year's report, Volume 35, page 1001, 1934 Proceedings AREA, there was pre-

sented a discussion of recent studies of horizontal shear and a revised shear formula

developed from tests at the Forest Products Laboratory, Madison, Wis. The formula

provides for the consideration of the two beam action in a stringer and, in effect, reduces

the calculated horizontal shear to correspond more nearly with actual values found in

laboratory tests. As a part of the tables of stresses accompanying this year's report,

there are included stress values as determined by this recently developed formula. In

fact, three separate calculations are made of horizontal shear as follows:

1. Shear calculated by the usual formula with dead load equals J/2 W L and

live load placed with the first driver at ^ L from the support at which the

shear is calculated.

2. Shear calculated with dead load equals Yi W (L-2h) and live load placed

with the first driver at 3h from the support at which the shear is calculated.

3. Shear calculated with dead load equals ^A W (L-2h) and live load equals

(XT-
"

^10 P (L-X)(h)
2 + (XJ'

(h)

In all cases W equals dead load per foot of track, L equals effective span length equals ^

distance face to face of bents plus 6", h equals height of beam in feet, P equals load on

one driving axle, and X equals distance of load from the support at which the shear is

3 Total Shear
calculated. The unit stress in all calculations equals-j Beam Cross-section

'^^^ '^^-

sulting unit stresses in horizontal shear vary from the maximum calculated as per

method (1) above to a minimum calculated by method (3). Naturally, the ordinary

method, (1) above, is the most conservative but tests at the Forest Products Laboratory

lead to the belief that this usual method may be over-conservative. Hence, the inclusion,

for comparative purposes, of the stress calculations by the recently developed formula.

Another point that should be indicated in connection with the tables of stresses is

the effective span lengths. For bent and stringer bearing loads the usual span length of

distance center to center of bents is used. With calculations of stringer bending and

shear, however, the effective span length is taken as distance face to face of bents plus 6".

This is in line with present practice in the design of concrete trestles and is believed to

result in more accurate calculations than when distance center to center of bents is used.

The center of bearing of a stringer lies somewhere between the face and the center of the

cap and the increase of pressure towards the face of the cap brings the center of pressure

nearer the face than the center line. With the size of caps used in practice a span length

of face to face bents plus 6" would seem to be sufficiently conservative.

In the calculation of stringer bending and shear stresses two beam sections are shown.

In the first case the nominal size of beam is used and in the second case the nominal

width X height less J^" is used. In general, stringers are either dressed to depth or are

dapped over the cap and as the material removed may amount to as much as ^" it is

considered good practice to calculate stresses on the basis of a dressed size Yz" less in

depth than the normal size.

The design presented this year is for an open deck trestle. It is contemplated that

during next year a corresponding design will be worked up for ballasted deck trestles.

In connection with this, a stress sheet is presented with the current report showing stresses

in proposed designs of ballasted deck structures.
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There is also presented for criticism a sheet showing designs covering proposed recom-

mended practice in construction of refuge platforms, walkways, and motor car platforms

on open deck trestles. This is presented to cover light as well as heavy loading design

of structures. After criticism has been made it is contemplated that the sheet will be

included in the Manual. During the next year it is proposed to work up similar designs

for ballasted deck trestles. At present no design of walkway, refuge platform, or motor

car platform is included in the Manual.

Finally it should be stated that the proposed designs have been arrived at after con-

sideration of a large number of modern designs from various railroads over the country.

Conclusion

It is recommended that this report be accepted as information.

Appendix E

(7) IMPROVED DESIGN OF TIMBER STRUCTURES TO GIVE
LONGER LIFE WITH LOWER COST OF MAINTENANCE

F. H. Cramer, Chairman, Sub-Committee; L. R. Boettcher, H. M. Buell, H. M. Church,

G. M. Cornell, S. F. Grear, J. A. Newlin, W. A. Oliver, W. L. Peoples, A. T. Upson,

W. R. Wilson.

The plans and loadings as provided in the Manual recommend a standard type of

timber pile and frame trestle designed for a live load of Cooper's E-^0 and E-60. These

plans show a S or 6 pile bent and 4 or 5 post frame bents properly sway braced with

iron fastenings upon which the deck, consisting of timber stringers, ties and fenders are

supported, which has been a standard for a long time.

The present Design for Open Deck shows continuous type of deck, except for the

ballasted deck. For this type it is necessary to cut and butt end the stringers in the field

to fit the various panel lengths. These designs were made with the view in mind of

using untreated material.

When considering treated material the design should meet the requirements for the

purpose of treatment as it is imperative that the cutting and boring of the timbers in

the field should be practically eluninated or held to the very minimum.

The Committee has given this subject considerable study and has worked out a

tentative improved design with a lower cost of maintenance. Table 1 (six sheets) shows

a comparison of unit stresses for a selected number and size of stringers for open deck.

This table also gives the two methods of computing horizontal shear in the stringers.

With these stresses and span lengths the most desirable and economical stringers and bents

can be worked out or determined from these tables. In determining the effective span

lengths the usual center to center of bents is used for bent and stringer bearing loads,

however, for figuring of stringer bending and shear the effective span length is taken as

face to face of caps plus 6". This in line with present practice.

The selections of Cooper's E-52 to E-72 loadings for figuring the bending moments

and shears was adapted for the reason that it is easier to calculate account of its being

divisible by 4.

Plans 1 and 2 show the spacing of fenders and ties the same as shown in the Manual,

but the stringers are skewed slightly with the center of track or as termed lap chord.

Attention is called to the lapping of some of the stringers while others are butt end over

the caps.
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With this design in no case is it necessary to cut a stringer at the ends and in addi-

tion a larger bearing area is obtainable on the caps. Using the single span stringer is

more economical in handling and in erection. Also attention is called to the design of

stringer fastenings over caps that may be used to avoid the use of drift bolts in stringers.

The stay rods have proven very satisfactory with this design of deck, in fact they appear

to hold the stringer more firmly than drift bolts resulting in less maintenance of holding

deck in proper aHgnment.

(Question may arise as to the distribution of the live loads due to the slight skew of

the stringers. One large railroad has been using these types of decks for six years and

actual tests were made of the deflections to determine whether one or more stringers in

a panel were taking more load than really designed for.

The deflection showed very little difference, therefore it is safely assumed the loads

are practically distributed equally in all the stringers.)'

These plans also show a concrete bulkhead, which is an improvement over the

present wooden bulkhead and fireproof and requires practically no maintenance after

once placed.

Plan 4 shows an improvement in preparing and boring holes in caps, fenders and

ties for open deck bridges. All timbers are covered by a marking diagram and general

notes.

Plan 3 shows various designs which may be used to avoid the use of drift bolts in

stringers, caps and pUes. The old custom of using drift bolts is a practice that should

be eliminated as much as possible.

It is recommended that this report be received as information and the subject be

given further study.
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Committee.

To the American Railway Engineering Association:

Your Committee on Masonry respectfully presents reports on the following assigned

subjects:

1. Revision of Manual (Appendix A).

2. Specifications and principles of design of plain and reinforced concrete (Appen-

dix B). Partially complete with recommended conclusions for publication in the Manual.

3. Progress in the science and art of concrete manufacture (Appendix C). Progress

report.

4. Contact with Joint Committee on Standard Specifications for Concrete and Re-

inforced Concrete. Progress report.

5. Specifications for foundations, including excavation, cofferdam, piling, etc. (Ap-

pendix D). Progress report.

6. Methods and practices of lining and relining tunnels, collaborating with Com-
mittee I—Roadway (Appendix E). Partially complete with recommended conclusions

for publication in the Manual.

7. Specifications for pneumatically projected concrete or mortar (Appendix F).

Recommended for inclusion in the Manual.

8. Design of expansion joints involving masonry structures, collaborating with

Committee XY—Iron and Steel Structures and with Special Committee on Waterproofing

of Railway Structures (Appendix G). Progress report.

9. Study specifications for overhead highway bridges as prepared by the Associa-

tion of State Highway Officials, collaborating with Committees VII—Wooden Bridges

and Trestles and XV—Iron and Steel Structures. (Appendix H).

The Committee on Masonry,

Meyer Hirschthal, Chairman.

Bulletin 374, February, 1935.
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Appendix A

(1) REVISION OF MANUAL

J. F. Leonard, Chairman, Sub-Committee; T. L. Condron, G. F. Eberly, J. A. Lahmer,
A. N. Laird, I. L. Pyle, D. B. Rush, L. W. Walter, J. J. Yates, C. A. Whipple.

(1) DEFINITIONS

(Pages 561-566) are to be revised as follows:

(a)' Arch Masonry removed from "General" to "Stone and Brick Masonry" section,

(b) The following definitions are to be added under General:

Arch (Ring or Rib).—A curved structural element designed to transmit applied loads to
its supports by direct compression, or by direct compression combined with bending
and generally producing inclined reactions at its supports.

Arch Axis.—The line of the arch ring or rib midway between the intrados and extrados,
lying in a vertical plane through a line coincident with or parallel to the longi-

tudinal axis of the structure.

Crown.—The highest part of the arch ring.

Haunch.^—That part of the arch between the crown and the skewback.
Skewback.—The plane of intersection between the arch and its support.
Springing Line.—The line of intersection between the intrados and the skewback of an

arch.

Spandrel.—That portion of the structure above the extrados of the arch.

Buttressed Retaining Wall.—A retaining wall with brackets or buttresses on the side

opposite the pressure face uniting the upright section with the toe of the base.

Cantilever Retaining Wall.—A reinforced concrete wall having an upright section and
a base, each of which resists by cantilever action the pressure to which it is sub-
jected.

Cellular Retaining Wall.—A retaining v/all with a base, longitudinal upright sections,

and a series of transverse walls, dividing the space between the longitudinal sections

into cells which may be filled with earth or other suitable material.

Column.—An upright compression member the length of which exceeds three times its

least lateral dimension.
Column Capital.—An enlargement of the upper end of the column built to act as a

unit with the column and flat slab.

Column Strip.—That quarter portion of a panel of a flat slab bounded by a plane
through the center lines of columns or of wall bearings and a plane passing through
the quarter points of the span.

Composite Column.—A circumferentially reinforced concrete column with a core of

structural steel or cast iron, each of which is designed to carry a portion of the load.

Consistency.—A general term used to designate the relative plasticity of freshly mixed
concrete or mortar.

Counterforted Retaining Wall.^—A reinforced concrete wall with brackets or counter-
forts on the pressure face uniting the upright section to the heel of the base.

,

Cyclopean Concrete.—Concrete in which stones weighing more than 100 lb. are in-

dividually embedded.
Dead Load.—The weight of the permanent parts of the structure.

Deformed Bar.—Reinforcement bar with shoulders, lugs, or projections formed integ-

rally with the bar during rolling.

Diagonal Direction.—A direction parallel or approximately parallel to the diagonal of

the panel of a flat slab.

Dropped Panel.—The structural portion of a flat slab which is thickened throughout an
area surrounding the column capital.

Effective Area of Reinforced Concrete.—That part of a section of a reinforced con-
crete beam or slab lying between the center of gravity of the tension reinforcement
and the compression surface.

Flat Slab.—A concrete slab having reinforcement bars extending in two or more direc-

tions without beams or girders to carry the load to supporting members.
Footing.—A structural unit used to distribute wall or column loads to the foundation

materials.

Live Loads.—Loads and forces other than the dead load.
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Middle Strip.—That part of a panel of a flat slab lying between the Two-Column Strips.

Negative Reinforcement.—Reinforcement so placed as to take tensile stress due to

negative bending moment.

Panel Length.—The distance in either rectangular direction between centers of two
columns of a panel.

Pedestal.—An upright compression member whose height does not exceed three times

its least lateral dimension.

Pedestal Footing.—A column footing projecting less than one-half its depth from the

faces of the column on any side and having a depth not more than three times its

least width.

Positive Reinforcement.—Reinforcement so placed as to take tensile stress due to posi-

tive bending moment.

Principal Design Section.—The vertical sections in a flat slab on which the moments
in the rectangular directions are critical.

Ratio of Reinforcement.—The ratio of the effective area of the reinforcement cut by
a section of a beam or slab to the effective area of the concrete cut by that section.

Rectangular Direction.—A direction parallel to a side of the panel of a flat slab.

Reinforced Concrete.—Concrete in which metal is embedded in such a manner that the

two materials act together in resisting forces.

Slump.—The shortening of the height of a standard test mass of freshly mixed concrete,

used as a measure of workability in accordance with the standard method.
Strut.—A compression member other than a column or pedestal.

Wall Beam.—A reinforced concrete beam which extends from column to column along

the outer edge of a wall panel.

Substructure.—That part of the structure which supports the superstructure and its

loads.

(c) The following definitions under "General" are to be revised:

Cement—now reading.—A material of one of the two classes Portland and Natural,

possessing the property of hardening into a solid mass when mixed with water. To
be revised to read—A material of one of two classes, Portland and Natural, possess-

ing the property of hardening into a solid mass ajter being mixed with water.

Foundation Bed.—Omit.

Foundation—now reading.
—

"(1) That portion of a structure usually below the surface

of the ground, which distributes the pressure upon its support. (2) Also applied

to the natural support itself, rock, clay, etc." to be replaced by—"The natural ma-
terial which supports the structure and its loads, whether strengthened or not by
the use of piles or other means to secure adequate bearing."

(d) The following definitions are to be added under "Concrete Masonry"

—

Fineness Modulus.—Of aggregates is the sum of the percentages determined in the sieve

analysis, divided by 100 (see Sieve Analysis).

Shotcrete.—A material consisting of Portland cement, sand, and water, projected

pneumatically.

Shotcrete Machine.—A machine for placing shotcrete.

Sieve Analysis.—The determination of the percentages of the whole weight of a sample
of aggregate that are coarser than, or will not pass, the following sieves

—

Sizes 100—SO—30—16—8—4—^"—J4"—IJ^" (ASTM Serial Design E—11-26).

(2) SPECIFICATIONS FOR MAKING PRE-MOULDED CONCRETE PILES

The present Manual, page 642, to be replaced by new text as follows:

1. The workmanship, materials, and proportioning shall conform to the Specifica-

tions for Concrete Plain and Reinforced of the American Railway Engineering Assoc'a-
tion, with the following modifications:

(a) Aggregates.—The maximum size of the coarse aggregate shall be not more than
1 inch nor more than ^ of the minimum clear spacing of reinforcement or the

minimum distance from reinforcement to forms.

2. Class of Concrete.—The concrete shall be class 3500, using not more than
5 gallons of water per sack of cement.
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3. Workability and Placement.—The mixture shall be of workable consistency

dependent on the method of placement to insure complete embedment of reinforcement

and prevent honeycombing. Vibrating equipment shall preferably be used and it shall

be of a type approved by the Engineer.

4. Curing.—Moist curing shall be begun as soon as possible after completion of

placement of the concrete and comply with "curing" specifications. The surface of the

concrete shall be kept continually wet during the curing period. Curing shall be con-

tinued until the concrete has attained 2500 lb. per square inch, as shown by test

cylinders under like curing or as specified by the Engineer. Substitutes for moist curing

will be accepted only on specific permission of the Engineer.

6. Marking.—Each pile shall be stamped or marked with the date of its manu-
facture. Lifting points indicated on plans shall be plainly marked.

7. Handling.—Piles may be handled and driven only when the concrete has at-

tained a compressive strength of 3500 lb. per sq. in. unless special provision is made for

handling that will reduce the stresses in proportion to the strength of the concrete as

shown by test cylinders cured under external conditions like those obtaining for the con-

crete in the piles. Piles shall be handled carefully, avoiding dropping or severe jarring

while in a horizontal position.

(3) SPECIFICATIONS FOR DRIVING PRE-MOULDED CONCRETE PILES

The present Manual, pages 642-3, to be replaced by new text as follows:

1. Driving Cap.—Piles shall be protected while being driven, with an approved

cushion cap.

2. Driving Equipment.—A steam hammer shall be used unless otherwise per-

mitted by the Engineer. The weight of hammer shall be adjusted to the weight of the

piles driven. For driving piles larger than 18 inch diameter and 40 ft. long, a driver

shall be used that strikes a blow equivalent in driving power to that produced by a

weight of 7500 lb., falling freely through a distance of 3 ft. 6 in.

3. Jetting.—Piles may be driven by the use of a water jet or water jets alone either

with separate jet pipes or with pipes or holes within the pile, or in conjunction with a

hammer. Equipment for an ample supply of water and adequate pressure shall be pro-

vided before jetting is begun.

4. Load Capacity.—Where jetting is used, the bearing power shall be determined

by test loads except that if a hammer is used in conjunction with jetting, and determina-

tion of load capacity from penetration under the hammer is specifically authorized by

the Engineer, final driving may be deferred for a period of .... hours.

5. Replacing and Re-driving.—Any pile so injured in driving or handling as to

impair its structural integrity as a pile under the conditions of use shall be replaced by

a new pile, the injured part replaced by splicing or other remedial measures adopted

—

all as directed by the Engineer.

Unless otherwise called for on the plans, piles shall be driven as nearly as possible in

a plumb position. Any pile so out of line or plumb as to impair its usefulness shall be

pulled and re-driven or an additional pile driven, as required by the Engineer.

6. Sloping Ground.—On sloping ground or difficult conditions of driving the pile

shall be started in a hole or guiding templates or other means provided if necessary to

insure driving in the proper location.

7. Cut-Off.—Driving shall be continued until plan cut-off is reached or until the

rate of penetration specified is obtained. If proper resistance to driving is not attained

at cut-off, the driving shall be continued and the additional length of pile required shall

be supplied by splicing in such a way as to develop the full strength of the section of the

pile.

8. Delay in Driving.—When driving is interrupted before final penetration is

reached, record for penetration shall not be taken until after at least 12 inches penetra-

tion has been obtained on resumption of driving.
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OPENINGS IN FLAT SLAB CONSTRUCTION

(4) The Committee recommends that the following section be added to "Girder-

less Flat Slab Structures for Railroad Locomotive Loadings" published on pages 59, 60,

61, and 62 of the 1930 Supplement to the Manual of 1929:

Insert new section

"(17) When it is necessary to provide openings for elevators, stairs, or other pur-

poses, in girderless fiat slab type of construction, such openings shall preferably be located

in the middle section rather than at the column sections. The bands adjacent to these

openings shall be designed for the loads transmitted to them without the condition of

continuity interrupted by these openings, either by increasing the slab thickness to the

depth of the drop-panel or by the provision of beams, framing around the openings and
transmitting the loads to the columns."

(S) DESIGN LOADS FOR RAILWAY MASONRY STRUCTURE

The Committee recommends that the section on page 614 of the 1929 Manual
under the heading "Distribution of Loads to Govern the Design of Railway Structures"

be revised as follows:

Revise heading to read: "Design Loads for Railway Masonry Structures,
Plain and Relnforced, Supporting Tracks."

Delete sub-heading "(1) Structures under Embankment Loads."

Insert new section:

1. General

The following loads shall be used for the design of railway masonry structures,

plain and reinforced, supporting track:

(a) Dead load.

(b) Live load.

(c) Impact.
(d) Centrifugal force.

(e) Other lateral forces.

(f) Longitudinal forces.

Each member of the structure shall be designed for the maximum stresses produced

by the combination of such loads and forces.

Revise Section 178, Dead Load.

Present Form

Dead Load

178. The dead load should be assumed as the weight of the track ballast, fill and
culvert masonry embraced within the vertical prism above the portion of the structure

under investigation.

Proposed Form

2. Dead Load

The dead load shall consist of the estimated weight of the structural member, plus

that of the track, ballast, fill and other portions of the structure supported thereby.

The weight of unit quantities of materials comprising the dead load, except in such

cases as warrant a detailed investigation of the weights of the specific materials to be used,

by reason of special or unusual conditions or materials, shall be assumed as follows:

Track rails, guard rails, and fastenings 200 lb. per lin. foot of track.

Ballast including track ties 120 lb. per cubic ft.

Reinforced concrete ISO lb. per cubic ft.

Earth filling materials 120 lb. per cubic ft.

Waterproofing and Protective covering Actual weight.
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Revise Section 179, Live Load:

Present Form

Live Load

179. The live load on structures buried to a depth of three feet or more below the

base of raU shall be assumed as distributed uniformly in a longitudinal direction. Ex-

cept as modified in paragraph 3, it is further assumed to spread transversely so as to

give a uniform distribution of pressure on all horizontal planes lying between two planes

inclined at outward slopes of J^ to 1, these planes being fixed by lines drawn through the

ends of the ties of the base of rail.

The spread of the live load shall be assumed at not less than 13 feet unless slabs

under relatively limited depths of fill are divided by longitudinal joints into units of such

width that some possible location of the track or tracks will result in a concentration

of the live load on the slab or slabs that would necessarily exceed that indicated by the

above assumption. Such cases must be analyzed individually.

The live load for a depth of fill of less than three feet below the base of rail shall

be assumed as concentrated wheel loads.

Proposed Form

3. Live Load

The Standard AREA live load for railway structures supporting track is recom-
mended for main line structures. On branch lines and in other locations where the

loading is limited to the use of light equipment, or cars only, the live load may be re-

duced, as directed by the Engineer. The loads shall be proportional to the standard
and shall have the same axle spacing.

The live load on structures having a depth of ballast and fill less than three feet,

measured below base of rail, shall be assumed as concentrated longitudinally.

The live load on structures having a depth of ballast and fill, three feet or more,
measured below base of rail, shall be assumed as uniformly distributed longitudinally.

The live load for each track of structures with ballast deck or under shallow fills,

shall be assumed as uniformly distributed over a width of 14 feet, unless further re-

stricted by the distance between centers of adjacent tracks or structural conditions.

The lateral distribution of the live load for each track of structures under deep fills

shall be assumed as uniform over a width equal to the length of track tie plus the

depth of ballast and fill below the bottom of tie. The distribution due to overlapping
live load for multiple track structures shall be analyzed.

In calculating the maximum live load stresses in a structural member due to simul-
taneous loading on two or more tracks, the following percentages of the specified live

load shall be used:

For two tracks 100 per cent

For three tracks 90 " "

For four or more tracks 80 " "

Revise Section 180, Impact Load:

Present Form

Impact Load

180. The impact load shall be derived from the formula:

^=^ ( L+D ) ^ (50)

where /= the impact load

Z)^the dead load as derived according to paragraph (1)

Z, = the live load as derived according to paragraphs (2), (3), and (4).

K':=2i co-efficient*

* No specific value for K is recommended, but it is suggested that a value of 1.0 represents con-
servative practice.
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Proposed Form

4. Impact Load

The impact load shall be derived from the formula-

I^K ( ^ ) L

where /= the impact load
D z= the dead load
L= the live load

K^a co-efficient*

(SO)

Insert new section:

5. Centrifugal Force

The centrifugal force used in the design of structures on curves shall be a percent-
age of the specified live load, in accordance with the following table, assumed to act six

feet above the top of rail:
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Appendix B

(2) SPECIFICATIONS AND PRINCIPLES OF DESIGN OF PLAIN
AND REINFORCED CONCRETE

A. N. Laird, Chairman, Sub-Committee; F. E. Bates, Hardy Cross, Theo. Doll, A. C.

Irwin, C. S. Johnson, A. R. Ketterson, J. F. Leonard, C. P. Schantz, Z. H. Sikes,

L. W. Skov, A. W. Smith, I. F. Stern, Jamison Vawter, C. C. Williams.

SECTION I

The Committee submits the following specifications and recommends their adoption

for printing in the Manual.

SPECIFICATONS FOR REINFORCED CONCRETE
ARCHES FOR RAILROAD LOADING—1935

(I) CLASSIFICATION OF ARCHES

1. Fixed or Hinged

Arches may be classified as hinged or fixed. Hinged arches may have one, two or

three hinges. The fixed type is generally in use in American practice.

2. Form of Arch

Arches may also be classified in accordance with the form of the introdosal curve as

semi-circular, segmental, multicentered, parabolic or elliptical.*

3. Type of Spandrel

The deck construction may be either the filled spandrel (wall) type or the open

spandrel type.

(II) DESIGN
1. General

The topography, ground structure, soil tests or rock borings, and local requirements

such as clearances, location of span openings, will indicate fairly definite limitations upon

which to base the preliminary design. In the case of large structures, alternate layouts

of span arrangement should be considered from the standpoint of the physical require-

ments, economics, and appearance before adopting the layout for the final design. For

appearance, there should preferably be an odd number of spans symmetrically arranged in

the structure, and when conditions warrant a variation in the span lengths, the end spans

should preferably be shorter than the central span or spans.

2. Design Loads

The AREA Design Loads for Railway Masonry Structures, Plain and Reinforced,

Supporting Track, shall be used for the design of arch structures.

In open spandrel construction, the spandrel deck slab, transverse walls, beams, col-

umns and other members above the arch, shall be designed for the maximum stresses

produced by the combination of the dead load, live load and impact. Provision shall

also be made for the effect of tractive, wind and centrifugal forces and temperature if

the design stresses are materially increased thereby.

* In addition to the above forms or modifications thereof, there may be introduced short radius fillets

tangent to the intradosal curve and to the face of the abutment or pier, to improve the appearance.
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In filled spandrel construction, the spandrel walls shall be designed as retaining walls,

in accordance with the AREA design specifications therefor.

The arch shall be designed for the maximum stresses, produced by the combination

of the dead load, live load, impact, and the effect of temperature and rib shortening.

Provision shall also be made for the effect of tractive, wind and centrifugal forces, if

the design stresses are materially increased thereby. In open spandrel construction, the

arch shall be designed for concentrated loads, applied at the points of spandrel support.

The amount of live load concentration at such points may be determined from the

equivalent uniform live load on the spandrel deck, placed to produce maximum stress at

the section under consideration. In filled spandrel construction, the equivalent uniform

five load may be used for the arch design.

Piers and abutments for arches shall be designed for the maximum stresses and foun-

dation pressures produced by the combination of the dead load, live load and the effect

of temperature changes and rib shortening of the arch. Consideration shall also be given

to the effect of wind, tractive and centrifugal forces. In long structures, piers at inter-

vals, shall be analyzed as abutment piers for construction requirements.

3. Unit Stresses

The unit stresses to be used in the design of the spandrel portion of the arch struc-

ture, piers and abutments, shall be as provided for corresponding members in the Design

Section of the AREA Specifications for Portland Cement Concrete, Plain and Reinforced.

These unit stresses shall also be used for the design of the arch, based on the maximum
stresses produced by the specified combination of forces, exclusive of those due to tem-

perature changes, provided however, that these unit stresses may be exceeded by not

more than 25 per cent when the stresses caused by temperature changes are included.

4. Selection of Form
The selection of the form of arch axis shall be based on a preliminary analysis of

the dead load line of pressure, after assuming the rise and span of the arch. The pre-

liminary form selected may require modification after analysis in order to more closely

approximate the line of pressure under combined conditions of loading, or to meet the

requirements of appearance.

5. Preliminary Selection of Crown Thickness

The crown thickness of the arch shall be assumed, based on the arch span, arch

rise and the loads.

6. Notations and Symbols

The following notations and symbols will be employed:

^s= length of a division of the arch ring measured along the arch axis.

n= number of divisions in one-half the arch for symmetrical arches or total

number of divisions in the arch for unsymmetrical arches.

/= span of arch axis, in feet.

/«= average unit compression in concrete of arch ring due to thrust.

t» =. coefficient of linear temperature expansion.

f° = number of degrees rise or fall in temperature.
Ec = modulus of elasticity of concrete.

At the crown,

He= horizontal thrust.

Ve = vertical shear.

Re z= resultant of He and Ve.

Me = bending moment.
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At any point on the arch axis, with coordinates x and y referred to the crown as

origin.

iV= thrust (normal) on radial section.

V =. shear on radial section.

R = resultant force on radial section, resultant of A'^ and V

.

e= eccentricity of thrust on section, or distance of A' from the arch axis.

d= depth of section.

/^ moment of inertia of section including that of steel =:/c-f nia.

A = area of section including steel = Ac -\- nAs.

p= steel ratio for total steel at section.

d' =^ embedment of steel from either upper or lower surface.

M = moment = Ne.

X= horizontal coordinate of any point on the arch axis referred to the arch

axis at the crown as origin.

y= vertical coordinate of any point on the arch axis referred to the arch axis

at the crown as origin.

mi^= moment at any point on left half of arch axis of all external loads (PI,

P2, etc.) between the point and the crown.

W/^= moment at any point on right half of arch axis of all external loads be-

tween the point and the crown.

m= moment at any point on either half of arch axis of all external loads be-

tween the point and the crown.

7. Basis of Design and Formulae

The analysis of the fixed type arch shall be based on the "Elastic" Theory, The de-

sign loads transmitted to the arch from the spandrel construction or fill, shall be assumed

to act vertically. The live load shall be treated as a moving load with an impact allow-

ance in accordance with Section 2. The condition of live loading which produce maxi-

mum moments, shears and thrusts may be determined by influence lines or by assuming

the following positions of live loading.

(1) For maximum positive moment at the crown, assume the middle J4 of the

span loaded.

(2) For maximum negative moment at the crown, assume all of the span except

the middle 14 loaded.

(3) For the maximum positive moment at the springing line, assume §^ of the span

loaded from opposite end.

(4) For maximum negative moment at the springing line, assume the adjacent H
of the span loaded.

The temperature variation for which the structure is to be designed shall be based on

the records of temperature variation for the locality of the structure.*

The following formulae are derived from the deflection of curved beams in which

the radius of curvature is large compared with the depth, and presuppose fixity at the

ends of the arch ring and unyielding supports. These formulae are applicable to sym-

metrical arches, which for analysis must be divided into sections, such that for each section

AS
I

is a constant.

* Available information indicates that for thin sections of concrete the temperature of the concrete

closely approximates the variation in air temperature except for sudden changes or extreme variations of

short duration. In the case of heavy concrete sections the variation in the concrete temperature as com-
pared with the air temperature is substantially decreased. It is recommended that, depending upon the

thickness of the concrete section, not more than 75 per cent nor less than 50 per cent of the mean air

temperature variation, above and below the mean air temperature of the construction period, be used as

the basis for design.



Masonry 849

FORMULAE FOR THRUST, SHEAR AND MOMENT

(A) Dead Load and Live Load'

1 Values of mj^, mj^, x^, xj^, yj^, and y^, should be substituted as positive. All summations refer to

one-half of the arch axis.

He :=

22 x'^

In

M= il/c + Hey— Fcx— w^
If 3= Af c + Hey + Fex— mp^

(B) Temperature'

* Value of t" should be inserted positive for a rise of temperature and negative for a drop of tem-

perature. The value of E^ must be assumed sufficiently large for the strength of concrete specified.

Eel Ufln

Mc=r

As 2[n2/— (2y)^]

Hc^y

M = Mc + Hey

* Values of moments and thrusts for rib shortening are of the same sign as for a drop of temperature.

(C) Rib Shortening*

The thrusts and moments due to rib shortening produced by an average compressive

stress /a may be found by substituting for t" in the above formulae for temperature the

value t° =1 p , resulting in the following:

/ fnln
He-

As 2[n^f-i^yy]
Fc2y

n

M= Mc-\- Hey

In the design of unsymmetrical arches, the following formulae may be solved simul-

taneously after the substitution of numerical values of coefficients. The entire arch ring

AS
must be divided into sections such that for each section —j- is a constant.

* A point near the crown or highest point of the arch ring should be selected as the origin of co-

ordinate and the x and y axis should be selected tangent and perpendicular respectively to the arch

axis at this point.
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FORMULAE FOR THRUST, SHEAR AND MOMENT

(D) Dead Load and Live Load

^c2y +Fc (2xLyL— ^XRyR) + Mc'^y— 'Smy =

Hc2y + Fc(2xL — 2x;^) + nMc— •2m =
M^ = Mc + Hcyi^ + VcXl. — Mi^

Mr = M^-\- Htyj^ — VcXn — mj^

(E) Temperature
/

Hcl^y'+Vci^XLyL— ^Xr jr) + Mc^y .Ut°lE. =

H^{'^XLyL— ^'X-RyR)-\-Vc 2x^+Mc(2x — 2x )=0
Hc^y + 7c(2xf, - 2x;^) + tiMc= O

Mz=Mc + HcyR — Vcx^

(F) Rib Shortening

Use formulae for thrusts, shear and moment as given above under paragraph (E),

Temperature, with value of t° as determined by formula.

Ectt

(G) Determination of Stresses

After the values of He, Vc and Mc have been obtained the resulting stresses may be

determined graphically by constructing the equilibrium polygons and corresponding pres-

sure lines or by computation. In case the maximum stresses resulting from the various

combinations are not within the allowable limits the arch thickness, shape, or both shall

be revised and the arch again analyzed.

8. Piers and Abutments

Arch piers and abutments shall be designed to resist the forces resulting from dead

load, combined with the most unfavorable condition of live loading, together with tem-

perature and shrinkage distortions and from distortions of the foundation beds. The
stresses at critical sections between springing line and footing, including those resulting

from the effect of unbalanced thrusts from adjoining arch rings or ribs shall be care-

fully analyzed. The bearing areas shall be proportioned so that the allowable pressures

on the foundation beds shall not be exceeded and that settlement, if any, shall be uni-

form.

The stability of arch piers shall also be investigated for conditions of loading during

the construction period, including the effect of unbalanced thrust from arch rings or ribs,

and distortion due to temperature changes and shrinkage. In long structures, interme-

diate piers at intervals shall for construction purposes be designed as abutment piers

to withstand such forces from one side of the pier only, without assuming support on the

other side. Such abutment piers shall be clearly designated on the plan.
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In the design of abutments the change of distribution of pressure to the foundation

resulting from the application of earth pressure, with and without live load sur-

charge, against the back of the abutment, shall be investigated. The allowable pressures

on the foundation beds shall not be exceeded under such conditions of loading. The

effect of possible horizontal movement or rotation of the abutment as a result of un-

equal distribution of pressure on the foundation due to the horizontal component

of the thrust from the arch or from the earth backing, shall be investigated and pro-

vided for.

The form of abutment shall be selected such that the resultant line of pressure shall

preferably lie within the middle third of the base and as close to the center of the base

as practicable. Insofar as practicable, the forces tending to produce sliding of the abut-

ment shall be resisted, in combination with the vertical components of the dead load and

arch thrust, by direct bearing on the foundation. Where this is impracticable, the fric-

tional resistance of the footing slab on the foundation and the bearing resistance of

abutting undisturbed material against back of abutment may be considered as assisting

the stability against sliding. Additional resistance may be provided, if required, by con-

struction of a key or drop wall extending below the footing slab, in direct contact with

undisturbed foundation material.*

Where permanent cofferdam construction encloses the foundation and is in direct

contact with the abutment footing, this may be considered as increasing the lateral bear-

ing area against undisturbed material for resistance to sliding. Where the foundation

rests on permanent piling or caisson construction, the horizontal component of batter

piles or caissons may be considered in determining the resistance to sliding. Where the

angle of the arch axis is skewed with the face of the abutment or pier, adequate pro-

vision shall be made for the transmission of the transverse component of the arch thrust

to the pier of abutment proper, in addition to the longitudinal reinforcement required

at the skew back.

(Ill) DETAILS OF DESIGN
1. General

The design drawings shall be prepared in such detail as to clearly indicate all im-

portant elements of the construction, dimensions, spacing and size of reinforcing bars,

construction and expansion joints, waterproofing, drainage and maximum foundation pres-

sures or pile loads.

2. Spandrel Construction

(a) Open Spandrel Type

In open spandrel construction, the deck slabs and beams shall be considered as con-

tinuous members between expansion joints, and shall be reinforced accordingly. Trans-

verse bars shall be provided in the bottom of deck slabs for the full length thereof, and

in the top of the slabs over supports between quarter points of adjoining spans.

Flat slab spandrel construction shall conform to the requirements of the AREA
standard specifications therefor.

Spandrel arches shall be reinforced longitudinally parallel with both extrados and

introdos using not less than 0.2 per cent of the arch section at the crown. Transverse

reinforcement shall be provided for arch rings.

• It is recommended that in such cases, not more than 50 per cent of the estimated frictional re-

sistance between the footing slab and foundation, together with not more than 50 per cent of the allow-

able foundation bearing pressure per square foot, for equivalent material, be used in computing the re-

listance to sliding due to key or drop wall and to abutting undisturbed material against back of abutment.
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Spandrel columns shall conform to the AREA standard specifications for Columns.

Transverse walls shall be treated as columns with lateral ties. They shall be reinforced

parallel with both faces, both horizontally and vertically.

(b) Filled Spandrel Type

In filled spandrel construction the spandrel walls may be of gravity, cantilever or

counterfort design or tied back with transverse walls. Counterfort or cantilever con-

struction shall be proportioned and reinforced to minimize transmission of torsional

stresses to outer section of the arch ring. The face of the spandrel walls shall be rein-

forced in two directions for temperature.

3. Arch Ring and Ribs

Arch rings and ribs shall be reinforced in planes parallel to both intrados and ex-

trados. Longitudinal reinforcement shall be provided as required by the arch stresses

but not less than 0.2 per cent of the area of the crown section shall be used both top and

bottom. Transverse reinforcement shall be provided for arch rings.* Bearing seats for

columns and transverse walls over arch rings or ribs shall be horizontal with suitable

dowels to anchor to the spandrel construction. The spandrel wall reinforcement in filled

type arches shall preferably extend into the arch ring with adequate anchorage to de-

velop the strength of the bars in bond.

4. Abutments, Piers and Footing Slabs

Abutments, piers, and footing slabs shall conform to the requirements therefor of

the standard specifications of the AREA.

5. Construction and Expansion Joints

The requirements of the AREA standard specifications, covering construction and

expansion joints shall be complied with.

Construction joints required to transmit stress shall be keyed and reinforced across

the joint. Longitudinal construction joints in arch rings shall be vertical, and parallel

to the longitudinal axis of the structure. Transverse joints in arch rings and ribs shall

be radial. Horizontal construction joints shall not be permitted in arch rings or ribs

and shall be avoided where possible in other portions of the construction except where

required by construction limitations and to permit proper shrinkage of the concrete in

such members as columns. Such construction joints shall be clearly designated on the

plans.

In skew arch construction the joints at the springing line may consist of a series

of stepped joints, each perpendicular to the line of thrust of the arch ring or ribs, or in

the case of solid ring construction, may be on the line of the face of the pier or abut-

ment, but provision shall be made in such cases by special anchorage, keys and reinforcing

to transmit the transverse component of the arch thrust to the piers and abutments.

Vertical expansion joints shall be provided in open spandrel construction at or

near the face of piers and abutments, and at other points as required depending on the

length and shape of the arch. In filled spandrel construction the vertical expansion

joints in the spandrel walls shall be provided at or near the face of piers and abutments

and at intervals, preferably not more than 30 feet apart.

•Transverse bars H in. round spaced 18 in. centers or the equivalent thereof placed in both top and
bottom of arch ring outside of the longitudinal bars are recommended as a minimum requirement.



Masonry 853

6. Drainage

Adequate drainage shall be provided where water may collect. Nominally hori-

zontal surfaces exposed to moisture shall be sloped for drainage. Deck slabs shall be

given a slope preferably ^-inch per foot and not less than J/^-inch per foot, if prac-

ticable, away from expansion and construction joints. A raised lip shall be constructed

at such joints to prevent impounded water from overflowing into the joint. Suitable

ballast guards and flashing shall be provided at all deck drainage openings with lead-

out pipes to prevent water falling on surfaces of the structure. Weep holes or pipe drains

shall be provided for drainage of backs of abutments to prevent impounding of the water.

Pipe openings shall be provided through all transverse walls or other members which

would interfere with the normal flow of water, in accordance with the drainage layout.

Provision shall be made for ultimate disposal of the water in accordance with the local

requirements of the site.

7. Waterproofing

The deck surface of open spandrel slabs or arches and the extrados of filled arches

shall be waterproofed using a membrane type of waterproofing and a protective covering

in accordance with the standard specifications therefor of the AREA. Backs of abut-

ments above the footing slab shall be damp proofed. All construction and expansion

joints exposed to water, or in contact with soil or filling materials or ballast, shall be

waterproofed with a membrane type of waterproofing as specified for deck construction

and shall preferably have a sheet metal water stop of non-corrosive material equally

embedded in both sides of the joint for the full length thereof. Where the joint is de-

signed for expansion this sheet metal water stop shall be looped to provide for the

movement. Suitable keyways shall be constructed at construction and expansion joints

where the details will permit except where one surface is designed to slide upon the other.

(IV) CONSTRUCTION

1. General

The General Specifications for Plain and Reinforced Concrete of the AREA shall

apply hereto insofar as consistent, subject to such modifications as provided herein, or by

the detailed plans which shall be rigidly adhered to.

The Contractor shall submit a detailed construction schedule for approval by the

Engineer.

2. Arch

(a) Centering

The Contractor shall submit designs for the arch centering for approval by the

Engineer. Arch centering shall be of rigid construction conforming to the shape of the

arch ring or ribs, with adequate foundation bearing area, piling or other suitable con-

struction to sustain the dead load of the concrete while it is being placed, construction

equipment, spandrel forms, etc. It shall be braced in both longitudinal and transverse

directions and shall be constructed with oak wedges, sand boxes or other devices for

adjusting the shape of the arch and for striking the centering gradually and uniformly

after the concrete has sufficiently cured. Allowance shall be made in the form and ele-

vation of the arch centering for the dead load deflection of the arch. When local con-

ditions such as waterway, roadway, or other conditions demand that specific clearances

be provided under the structure during construction, such as to require that a long span

be used for centering, allowance shall be made when setting the forms for the deflection
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of such span due to its own dead load and to the dead weight of the wet concrete to

be supported, and suitable means shall be provided for adjusting the forms to their

proper contour. Arch centering shall not be struck or removed until the concrete has

sufficiently cured to maintain its own weight and that of the spandrel construction.

(b) Concreting Methods

The concrete shall be placed for each rib or ring or subdivision thereof in a sym-

metrical order with relation to the arch piers to minimize springing or distortion of the

arch centering, and unequal loading of arch piers. The sections to be placed in one

day shall consist either of longitudinal strips for the full length of the arch span con-

forming in width to the established location of construction joints or voussoir sections,

of such length as designated on the plans leaving open joints with suitable dowels, and

keys to engage later sections. The schedule of placing concrete shall be submitted by the

Contractor for approval by the Engineer in accordance with the requirements of the

drawings.

3. Spandrel Construction

The concrete portion of the spandrel construction shall not be placed until concrete

of arch ring or ribs has sufficiently cured to withstand the super-imposed load and until

arch centering has been struck. In open spandrel construction concrete for columns and

transverse walls shall be placed to the underside of the floor slab or to the springing line

of spandrel arches and permitted to remain for a period directed by the Engineer before

proceeding with the placement of the balance of concrete of the spandrel construction.

Centering and bracing for spandrel construction shall remain in place until slab or span-

drel arch concrete is placed.

Filling materials for placement over arch rings and behind arch abutments shall be

of porous structure which will permit rapid drainage. FiUing materials shall be placed

uniformly and symmetrically in horizontal layers, and properly compacted. In filled

spandrel construction, the filling material shall be placed uniformly for each span com-

mencing at piers and working toward the crown. In multiple span structures this filling

operation shall preferably be carried on uniformly for all spans between abutment piers

at substantially the same time. Puddling of filling material over the arch ring will not

be permitted.

SECTION II.—CONCRETE TRESTLES

The Committee submits as information detail plans of reinforced concrete trestle

designed for Cooper's E-72 Loading, and of 24-inch precast reinforced concrete pile.

It is the intention of the Committee to review these plans during the coming year, giving

full consideration to criticism and suggestions received and to present them next year

for publication in the Manual as recommended practice.

SECTION III.—RIGID FRAME STRUCTURES

The Committee reports progress on the subject of rigid frame structures and recom-

mends that the assignment be continued.

SECTION IV.—COLUMNS—FLOOR CONSTRUCTION—WIND LOADS
The Committee reports progress on the following subjects and recommends that the

assignment be continued:

(a) Specifications for composite columns.

(b)' Specifications for ribbed floor construction.

(c) Unit stresses for buildings when wind loads are included.
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Appendix C

(3) PROGRESS IN THE SCIENCE AND ART OF
CONCRETE MANUFACTURE

L. W. Walter, Chairman, Sub-Committee; M. Coburn, T. L. Condron, L. V. Haegert,

W. K. Hatt, A. C. Irwin, J. A. Lahmer, R. V. Proctor, W. M. Ray, F. B. Robins,

D. B. Rush, H. F. Schryver, J. H. Titus, W. K. Wyatt.

SECTION 1

PLACING CONCRETE BY PUMPING

Equipment has recently been developed for transporting and placing concrete by

pumping.

Essentially, the machine consists of a power driven plunger working in a cylinder

to which concrete is admitted by gravity and then forced out into and through a de-

livery pipe by pressure exerted by the plunger. A single acting pump has two valves

—

one that admits the concrete to the cylinder and one that holds the concrete in the

delivery line while the cylinder is being charged. The operation of these valves is

synchronized with the movements of the plunger so that pressure may be maintained

in the delivery pipe.

The valves are designed to prevent clogging by wedging of coarse aggregate.

Concrete can be discharged to considerable heights and pressure can be built up in

the concrete within the forms so that concrete can be forced to a higher elevation than

the discharge end of the delivery pipe. In tunnels this is an important advantage in

completely filling overbreaks and the space between forms and excavated sections.

In operating the equipment, it is necessary at intervals and when placing is inter-

rupted for a considerable period of time, to clean the delivery pipe line. This is accom-

plished by forcing a "go-devil" through the pipe line by water or air pressure. A special

valve plate has been developed for application to the pump that makes it able to pump
water at a pressure sufficient to force the "go-devil" through the pipe.

The pipe line is made in convenient lengths and with bends. Joining of sections of

pipe is quickly accomplished by cam levers and gaskets.

When concrete is delivered at the highest point of the pipe line, the concrete is dis-

charged in "batches" corresponding in amount and rapidity respectively to the capacity of

the pump chamber and to the plunger period. If the equipment is duplex, the discharge

pulsations are more rapid and more nearly approximate continuous flow. The discharge

can be regulated by the speed of the pump.

The use of this equipment has been increasing rapidly. One of the early and more

important jobs on which it was used was in connection with the diversion tunnels of

the Boulder Dam. Since that time it has been used on a great variety of construction.

The equipment is covered by applications for patents and by trade marks.

Advantages

The advantages claimed for this equipment are:

1. Delivery of concrete to the forms without segregation in transit—in fact, a com-

pacting effect from the pressure of pumping may be assumed when the end of the de-

livery pipe is buried in concrete.

2. Saving in runways, towers, buggies or other job transportation equipment. De-

livery up to 100 feet vertically or 800 feet horizontally with 7 inch diameter delivery

pipe; and 100 feet vertically or 600 feet horizontally with 6 inch diameter delivery pipe.
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3. Placement in places difficult of access by other job transportation methods.

4. Complete filling of tunnel lining forms including over-break space.

5. Probable saving in job labor.

6. Requires control of proportions. The concrete must be workably plastic for

successful pumping.

Disadvantages

1. Necessity of having power equipment—usually entailing greater first cost.

2. Somewhat greater probability of delay if equipment breaks down. (This proba-

bility may be greatly reduced by stocking spare parts and/or providing duplicate equip-

ment.)

3. Limitation on the workability of concrete that can be pumped.

4. Limitation on size of coarse aggregate. (At present about 2J^ in. maximum.)

5. Necessity for supply of water, or air under at least 80 lb. pressure.

6. Wear, and consequent replacement of parts subject to direct abrasion.

7. Not practical for intermittent placement of small quantities of concrete.

SECTION 2

PROGRESS IN SPECIFICATIONS FOR CEMENT

In the matter of cement specifications, the current year has been one of many
changes. Beginning with the publication of the specifications for special low-heat cement

for the Boulder Dam, there has been unusual interest in the subject of cement composi-

tion and in the adaptation of available information to the writing of specifications to

meet special service requirements.

A recent compilation has shown four specifications, in addition to that for Boulder

Dam, now in use on important engineering work, which differ in a material way from

both the ASTM Standard (C9-30) and the Tentative Standard for High-Early Strength

Portland Cement (C74-30T). These have been intended to meet special requirements

for exposure to sulfate waters or for moderate heat evolution in structures not large

enough to call for the special low-heat cement used in Boulder Dam. At the present

time there is pending before Committee C-1 of the ASTM, a proposed tentative specifica-

tion for sulfate-resistant cement which is intended also to apply where cement of mod-
erate heat evolution is needed. The appearance of these various cement specifications,

differing in requirements from the standards which have long been in use, indeed marks

an important milestone in the progress of cement specifications. Such changes were to

have been expected, however, from the greatly extended knowledge of the last few years

regarding cement composition and behavior.

While all forward-looking Engineers will welcome the progress which is represented

by these new developments in cement specifications, they will also give sober thought to

the possibility of an endless series of specifications all purporting to fulfill some real or

fancied need in the construction industry.

The appearance of the proposed ASTM specification covering both sulfate resistance

and moderate heat evolution is an encouraging feature of the year's development. A
study of this specification in comparison with those special specifications referred to,

shows that in the essential requirements they are very much alike. This leads to the hope
that eventually they may be harmonized to bring about a single specification for these

special fields of use. Very few engineering organizations are in a position to carry out

the special studies necessary to apply present-day knowledge of cement composition to

the practical necessities of concrete construction, and it is to the ASTM that the engineer
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must look for leadership in the writing of cement specifications. It is only through

such unified effort and leadership that the requirements of modern engineering can be

fully met without the confusion of a great variety of unnecessary specifications. Our
Association should give its fullest support to Committee C-1 of the ASTM in this im-

portant work of standardization.

SECTION 3

The following specifications are submitted for comment and criticism and will be

proposed, subject to later revision, for adoption in 193S.

General SPECIFICATIONS FOR CURING CONCRETE

These specifications for Heat Curing and Wet Curing are based on requirements

when normal portland cements are used.

When low-heat cements are used, the curing time herein specified shall be increased

25 per cent.

When high-early-strength cement is used, the curing period shall be approximately

25 per cent of that specified for normal Portland Cement, but in no case less than 48 hours.

The curing period for all concrete which will be in contact with sea water, salt

spray, salt-laden air, alkali soil or waters, or similar destructive agents shall be in-

creased 50 per cent above periods specified for normal exposures.

Heat Curing

Concrete, when deposited in massive structures, shall have a temperature of not less

than 40° Fahr.

When deposited in structures less than 6 ft. in thickness the following table for tem-

peratures will govern:

Temperature of Air Min. Temp, of Concrete when placed

Below 30° Fahr ... 70° Fahr.

Between 30° and 45° 60° Fahr.

Above 45° 45° Fahr.

In freezing weather, or when there is likelihood of freezing temperatures, within the

specified curing period, suitable and sufficient measures must be provided for maintain-

ing aU concrete surfaces at a temperature of not less than 50° Fahr. for a period of not

less than 5 days after the concrete is placed when normal portland cement is used, and

not less than 48 hours when high-early-strength portland cement is used.

The temperature of concrete surfaces shall be determined by thermometers placed

against the surfaces of the concrete.

Provision shall be made in form construction to permit the removal of small sec-

tions of forms to accommodate the placing of thermometers against concrete surfaces at

locations designated by the Engineer.

After the thermometers are placed, the apertures in forms shall be covered in a way
to closely simulate the protection afforded by the forms.

In determining temperatures at angles and corners of a structure, thermometers

should be placed not more than 8 in. from the angles and corners.

In determining temperatures of horizontal surfaces, thermometers shall rest upon the

surface under the protection covering normal to section involved.

Temperature readings shall be taken and recorded at intervals to be designated by

the Engineer, over the entire curing period specified, and the temperatures so recorded

shall be interpreted as the temperature of the concrete surfaces where thermometers were

placed.
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When protection from cold is needed to insure meeting these specification require-

ments, all necessary materials for covering or housing must be delivered at the site of

the work before concreting is started and must be effectively applied or installed, to-

gether with such added heat furnished as may be necessary without depending in any

way upon the heat of hydration during the first 24 hours after concrete is placed when

normal Portland Cement is used, or the first 18 hours when high-early-strength Portland

Cement is used.

When heat is supplied by steam or salamanders, covering or housing of the struc-

ture shall be so placed as to permit free circulation of air above and around the concrete

within the enclosure, but to the exclusion of air currents from without, excepting that

where salamanders are used, sufficient ventilation shall be provided to carry off gases.

Special care shall be exercised to exclude cold drafts from angles and corners and from

all projecting reinforcing steel.

When salamanders are used water vessels must be placed over them, or other means

provided to maintain a high humidity within enclosures.

Wet Curing

When not otherwise specified, all concrete surfaces when not protected by forms,

must be kept wet by ponding or covering with material kept constantly wet or by

sprinklmg, as the Engineer may direct, for a period of not less than 7 days after con-

crete is placed when normal Portland Cement is used, and not less than 48 hours when

high-early-strength Portland Cement is used.

When wood forms are left in place during the curing period they shall be kept suf-

ficiently damp at all times to prevent opening at the joints and drying of the concrete.

Inspection shall be made of all exposed surfaces at intervals as directed by the Engi-

neer, and job records shall be kept indicating whether surfaces were wet at times of in-

spection, and if not wet, stating reasons why not wet.

Appendix D

(5) SPECIFICATIONS FOR FOUNDATIONS

D. B. Rush, Chairman, Sub-Committee; F. E. Bates, M. F. Clements, G. F. Eberly,

A. D. Harvey, C. S. Johnson, O. V. Parsons, Z. H. Sikes, L. W. Skov, G. R. Smiley,

I. F. Stern, Jamison Vawter, C. A. Whipple.

SUBSTRUCTURE

General Speclfications for Substructures of Railway Structures

Definition

Substructure refers to that part of the structure which supports the superstructure

and its loads.

DESIGN
General

The design drawings shall be prepared in such detail as to clearly indicate all im-

portant elements of the construction, dimensions, spacing and size of reinforcing bars, con-

struction joints, waterproofing, drainage and all foundation pressures.

Drawings

After the contract has been awarded and before any work is commenced, the Con-

tractor shall submit to the Engineer for approval duplicate prints of drawings which
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supplement the detail plans of the Company, showing the proposed methods of doing the

work and details of construction work proposed. The tracings of these drawings or other

reproducing prints shall be the property of and delivered to the Company after the com-
pletion of the contract. All such drawings shall be made up in accordance with the

AREA recommendations for drawings and drafting room practice. No changes shall be
made on any approved drawing without the consent, in writing, of the Engmeer. The
Contractor shall be responsible for the correctness of his drawings.

Abutments, Piers, Footing Slabs, Shafts and Columns

Abutments, piers, etc., shall conform to the requirements of AREA specifications

for Portland Cement Concrete, Plain and Reinforced.

Concrete

Concrete materials, steel reinforcement and workmanship shall conform to the re-

quirements of AREA specifications for Portland Cement Concrete, Plain and Reinforced.

CONSTRUCTION OF MASONRY
General

The Contractor shall submit to the Engineer and receive approval of his method of

doing the work, in writing, before work is started.

Concrete Placed in a Dry Foundation Pit

Where concrete is placed in a foundation pit free from water, concrete may be placed

against tight sheeting or forms which may be left in place below the ground line at the

option of the Contractor.

Concrete Placed in a Damp Foundation Pit

Where concrete is placed in a foundation pit which can be kept free from water, the

concrete shall be placed in the "Dry". Pumping shall be used to remove the water

from the foundation, pumped directly from a sump separated from green concrete to

avoid wash of concrete materials.

Concrete Placed in a Foundation Pit Containing Water

If the foundation has been prepared by dredging and the contact of the substruc-

ture and foundation is to be made in water, a concrete seal shall be placed by deposit-

ing concrete through water in accordance with AREA Specifications for Portland Cement

Concrete, Plain and Reinforced. The thickness of the seal shall be sufficient to overcome

hydrostatic pressure on the structure of which it becomes a part.

Pumping to unwater sealed cofferdam, crib or open cofferdam shall not be com-

menced until the concrete has had a set sulfficient to overcome hydrostatic pressure.

Concrete Placed in a Foundation Pit Containing Foundation Piles

Before placing concrete around foundation piles, all loose or displaced material shall

be removed so that the concrete may be placed in direct contact with the piles. If the

concrete is placed through water and the piles project above the seal, the tremie method

of placing concrete shall be used and the tremie will be moved or additional tremies

provided, so that concrete may be deposited without unusual disturbance and in con-

tract with the surface of all piles. If a gravel bed is placed to separate the base of the

green concrete from a soft underlying material, the gravel bed should be grouted before

the placing of concrete. In all cases thei butt of the pile is to extend at least 6 in. into

solid concrete.
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Measurement and Basis of Payment

The unit of measurement will be according to legal standards of weights and meas-

urement.

The work to be paid for shall be determined by the Engineer from the original plan

dimensions, or as altered by him, applying the unit rates to the quantities so determined.

The Contractor shall be paid on the basis of the original summation of his proposal,

adjusted for the additions and reductions in quantities based on his unit prices for such

changes in quantities.

Measurement for payment shall be as follows:

(a) Concrete seal (unit = cubic yard). The price per cubic yard shall in-

clude the furnishing and placing of all material, equipment and labor as

follows:

The volume of concrete shall be the volume of a prism bounded by planes

at the outside dimensions of the sub-structure and the average height of

the concrete seal actually placed.

(b) Concrete footing, shaft, wall, column or bridge seat, (unit = cubic yard).

The price per cubic yard shall include furnishing and placing all perma-
nent material, equipment, falsework, forms and labor as follows:

The volume of concrete shall be the volume as determined from the plan

dimensions.

(c) Steel Reinforcement (unit ^ pound). The price per pound shall include

all the necessary material equipment and labor for furnishing being and
placing in final position.

(d) Waterproofing.

(e) Expansion Joints.

(f) Stone Facing.

(g) Metal nose protection,

(h) Built in anchorage.

Appendix E

(6) METHODS AND PRACTICES OF LINING AND
RELINING TUNNELS

G. F. Eberly, Chairman, Sub-Committee; G. E. Boyd, Kennerley Bryan, Jr., M. F.

Clements, Maurice Coburn, O. V. Parsons, R. V Proctor, I. L. Pyle, G. R. Smiley,

H. H. Temple, J. H. Titus, C. A. Whipple.

SECTION 1

SPECIFICATIONS FOR LINING RAILWAY TUNNELS WITH CONCRETE

(I) GENERAL
Scope

1. These specifications cover the lining of new tunnels and the relining of old

tunnels through ordinary formations which involve no special features.

(II) DESIGN
Interior Dimensions

2. The interior dimensions shall not be less than those shown as standard for

single and double track tunnels in the AREA Specifications for Roadway (Fig. 1).

Floor and Ballast Walls

3. The floor shall be at least 6 in. thick and shall slope Yz in. in 12 in. from the

center line of the tunnel at the elevation of sub-grade, towards the sidewalls. The bal-
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last walk shall be 12 in. wide at the top and 2 ft. in. wide at the floor line. The top

of the walls for tangent track shall be at the elevation of the bottom of the ties. The toe

of the face of the walls adjacent to the sidewalk shall be at least 12 in. therefrom

(Fig. 1).

Sidewalls and Arch

4. The depth of the sidewalls, in hard, durable material, shall be at least 6 in. be-

low the bottom of the gutter. In other material the sidewalls shall be carried down to

stable foundation and at least to below the frost line.

The thickness of the sidewalls and arch shall be:

(a) When it is not necessary to temporarily support the face of the excavation:

Single Track Double Track

At least 1 ft. 6 in. At least 2 ft. in.

The space between the face of the form and the face of the excavation shall be en-

tirely filled with concrete, except that adequate drainage openings shall be provided back

of and through the lining and that durable rock may be substituted to fill large holes

back of the normal line of the excavation. If rock is used it shall be rammed into

place (Fig. 1).

(b) When it k necessary to temporarily support the face of the excavation:

Single Track Double Track

At least 1 ft. 2 in. in front of the At least 1 ft. 6 in. in front of the

temporary supports and 2 ft. 2 in. temporary supports and 2 ft. 6 in.

in front of the lagging. in front of the lagging.

The space between the lagging and the face of the excavation shall be firmly packed

with durable stone rammed into place, or sand placed pneumatically. Lagging shall be

placed only where necessary so that there shall be as many openings as possible to allow

the concrete to extend to the face of the excavation. Where the entire area is lagged,

sections of lagging and packing may be removed when the concrete is placed, so that

the concrete may extend to the face of the excavation. When concrete extends to the

face of the excavation, adequate drainage openings shall be provided back of and through

the Uning (Fig. 1).

Keys

5. Each section of the lining shall be substantially keyed to each adjacent section

(Fig. 1.)

Refuge Niches

6. The refuge niches shall be 18 in. deep, 4 ft. in. wide and 7 ft. in. high.

They should be spaced approximately 100 ft. apart on each sidewall and staggered so

that the niches on opposite walls shall be approximately SO feet apart. The bottom of

the niches shall be at the elevation of the bottom of the track ties.

The minimum thickness of the concrete lining of the niches shall be 6 inches. Pro-

vision for niches shall be made in the temporary supports. (Fig. 1).

Drainage Openings

7. Vertical and diagonal openings, French drains, or 4 in. square or 6 in. round

tile drains shall be installed as necessary in the rear of the concrete lining, with outlets

through the sidewalk to provide adequate drainage. The outer end of the outlets shall
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be not less than 12 inches above the bottom of the gutter. Sub-drains shall be provided

under the concrete floor as necessary. Four inch round tile drains or openings of similar

area shall be installed in each 10 feet of the ballast walls to provide drainage for section

of the floor between the ballast walls (Fig. 1).

(Ill) CONCRETE
Specifications

8. The concrete for the lining shall be made and placed in accordance with the

A.R.E.A. Specifications for Portland Cement Concrete, Plain and Reinforced, together

with the additional provisions given herewith.

Proportioning

9. The concrete shall contain not to exceed 5.S gallons of water (including water in

the aggregate) per sack of cement, and shall have a minimum compressive strength of

3,000 lb. per sq. in. in 28 days.

(IV) FORMS
Length

10. The length of forms for the continuous placement of concrete between con-

struction joints shall be limited by the ability of the placement method to provide a

complete and homogeneous filling of the space behind the forms, but in no instance shall

the length be more than 40 feet.

Removal of Forms

11. The forms shall not be removed in less than 48 hours where the surrounding

temperature is 60° or over. When the temperature is below 60° the time shall be in-

creased as directed by the Engineer.

(V) PLACING CONCRETE
Hand Placing

12. Concrete placed by hand shall be of such consistency that it can be thoroughly

compacted to entirely fill the forms. This consistency shall be obtained without varying

the water-cement ratio.

Pneumatic Placing

13. Pneumatic placing of concrete shall be done with a concrete placing machine

which blows the concrete through a pipe line with compressed air. The air pressure and

the consistency of the concrete shall be so regulated without varying the water-cement

ratio, that the coarse aggregate shall not be blown away from the mortar matrix when
the concrete issues from- the end of the delivery pipe. Flexible pipe branches shall be

provided, when necessary, to deliver the concrete at approximately its final position in

the lining. The concrete shall be shot into a metal baffle box surrounding the end of the

delivery pipe, or else the end of the delivery pipe shall be kept as close to the mass of

concrete as conditions will permit, and at no time more than S feet away, so as to pre-

vent separation of the mixture. Placement by this method shall be done in such a man-
ner as to allow continuous inspection.

Pumping

14. Placement by pumping shall be done with a plunger pump which forces the

concrete through a pipe line by direct pumping action without using compressed air
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in the line. The concrete shall be pumped as nearly as possible to its final position,

using flexible pipe branches where necessary.

Shotcrete

15. Placement of Shotcrete shall be done by building up a lining by shooting the

Shotcrete on in thin layers with a pneumatic hopper-machine in which the properly

proportioned dry cement and sand are forced through a hose to a nozzle attached to the

end of the hose, where water under pressure shall be introduced into the dry mix just

prior to being sprayed into place. Shotcrete shall be made and placed in accordance

with the AREA Specifications for Shotcrete.

Order of Placing

16. A section of sidewalls and arch shall preferably be placed in one continuous

operation. The floor and ballast walls should preferably be placed monolithically.

Compacting

17. Concrete, during and immediately after depositing, shall be thoroughly com-

pacted, preferably by means of vibrators, which can be applied to or in the mass of the

concrete.

Laitance Seams and Bonding Surfaces

18. The consistency of the concrete and method of placement should be such that

no laitance seams are formed at fill planes. If such seams are formed, they shall be

completely removed and the forms and the progression of the work shall be such that

this may be done. Concrete surfaces on which new concrete is to be deposited shall be

thoroughly roughened and cleaned of all laitance, dirt and water before concrete is placed.

Drainage During Placing

19. Separate and distinct provision for drainage shall be made where necessary to

prevent the placement of the concrete in water or in contact with moving water. Ef-

fective weeps and drains shall be provided where necessary to prevent hydrostatic pres-

sure against the lining.

Curing

20. After the forms are removed the concrete lining shall be kept wet for a period

of at least seven days.

Cold Weather Protection

21. In freezing weather the ends of the tunnel shall be closed and suitable means

provided for maintaining the concrete at a temperature not lower than 50° Fahr. for

not less than 72 hours after placing, or until the concrete has thoroughly hardened.

(VI) CONSTRUCTION AND EXPANSION JOINTS

Construction Joints

22. No construction joints or fill planes shall be formed in such locations as to

reduce the effectiveness of the lining in resisting pressure from the surrounding earth or

rock. When necessary, non-corrosive metal water stops shall be installed at construc-

tion joints.

Expansion Joints

23. No expansion joints shall be provided other than construction joints.



868 Masonry

SECTION 2

USE OF STEEL LINER PLATES FOR TUNNEL LININGS

Steel liner plates for soft ground tunnel construction date back to the first Hudson-
Manhattan tube. They were made of light plates with angle flanges riveted on. This

type of plate was used intermittently until 1913 when the first pressed steel Lner plates

were used to build the Passaic Valley sewer through Newark.

In this method of soft ground tunneling the liner plates are formed to the neat line

of the concrete and function as lagging only. They are supported by temporary in-

ternal bracing which is removed as the permanent lining is installed, the usual cycle of

operations being two mining shifts and one concrete shift each day. Thus the excava-

tion is carried on the temporary supports only a very short time, thereby minimizing the

load that will develop. (Fig. 2).

The economies that result from this method of tunnelling have come to be so gen-

erally recognized that liner plates are used in the vast majority of soft ground tunnels

today. The advantages may be itemized as follows:

1. Excavation reduced almost to the net amount.

2. Concrete reduced almost to the net amount.

3. Faster progress as miners can spend major portion of their time mining instead

of placing timber.

4. Fire hazard in compressed air tunnels greatly reduced.

1927 saw the introduction of structural steel ribs between or within course of liner

plates to increase strength sufficiently to make the structure self-supporting on larger

diameters. This step enabled economies of the Hner plate system to be realized in rock

tunnels requiring roof protection. Such tunnels as the Moffat Tunnel (pioneer bore en-

largement). City Water Tunnel No. 2, New York, several tunnels on the Chesapeake &
Ohio, and now the Los Angeles Colorado River Aqueduct have found extensive use for

this scheme.

In most cases the steel lining has been utilized as a construction lining to support the

excavation until a permanent concrete lining has been placed, in precisely the same man-
ner as the timber sets and lagging. Important economies result:

1. Reduced Excavation, (a) The depth of section of the steel ribs is invariably

less than the depth of the timber sets, and (b) part of the ribs may be embedded in the

permanent Uning without impairment of strength. Thus the pay line may be brought

much closer to the concrete line.

2. Reduced Concrete. The liner plates are placed at the neat concrete line whereas
m timbered jobs it is necessary to fill the spaces between the timbers whose inside faces

lie at the net concrete line.

This section of Appendix E is presented as information. This subject is to be con-

tinued.
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SECTION C C SECTION B B

Fig. 2.
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Appendix F

(7) SPECIFICATIONS FOR PNEUMATICALLY PROJECTED
CONCRETE OR MORTAR

T. L. Condron, Chairman, Sub-Committee; G. E. Boyd, Kennerly Bryan, Jr., W. K.

Hatt, A. C. Irwin, F. B. Robins, H. H. Temple, L. W. Walter.

SECTION 1

SPECIFICATION FOR SHOTCRETE

Revised November 16, 1934

Note A.—Shotcrete is here used as a brief descriptive term (not copyrighted) for

a material consisting of Portland Cement, sand and water placed pneumatically by means

of a machine that discharges water and pre-mixed cement and sand, under regulated

pressures, through pipes or hose, and a discharge nozzle, the water being combined with

the cement and sand at the nozzle.

Note B.—Shotcrete machine is here used as a brief descriptive term (not copy-

righted) for a pneumatic machine used to place Shotcrete.

Note C.—All of the constituent materials of Shotcrete shall conform to the latest

Standard Specifications for Portland Cement Concrete of the American Railway Engi-

neering Association.

GENERAL

1. All Shotcrete work shall be done under the supervision of experienced foremen,

using only experienced men as machine and nozzle operators.

2. The bonding surface to receive Shotcrete shall be rough and clean. Loose par-

ticles, dust and dirt shall be reifioved by vigorous brushing with wire brushes, sand

blasting or otherwise, prior to apphcation of Shotcrete. Oil or film of any sort that may

reduce the bond of the Shotcrete will not be permitted.

The bonding surface shall be maintained constantly wet for a minimum of one hour

prior to application of the Shotcrete. After the wetting period sufficient time shall be

allowed to elapse, or special means used, to remove all surface wetness and to produce a

damp surface that is slightly absorptive. The Shotcrete shall be applied when this con-

dition is attained. In no case shall Shotcrete be applied to a dry surface.

3. (a) Reinforcement shall consist of mesh and/or bars and where dowels or

anchor bolts are used it shall be securely fastened to them.

(b) The sectional area of steel reinforcement where used shall be not less than 3/10

of 1 per cent of the average sectional area of the new Shotcrete. Where the work extends

around corners, the reinforcement shall be not less than 6/10 per cent of the section of

the Shotcrete at the corner. Laps at corners shall be carried far enough along the ad-

joining faces to develop by bond in each face the full strength of the reinforcement or

positive mechanical anchorage provided that will make the reinforcement continuous

without loss of tensile strength, and provided the minimum used shall be a 2 in. X 2 in.

—

12ga X 12ga or 3 in. X 3 in. — lOga X lOga mesh.

(c) Reinforcement in the old structure that is to be included in the repair work

shall be thoroughly cleaned and any important reduction in area shall be supplied with

additional reinforcement. All reinforcement involved in the repair work shall be com-

pletely embedded in new Shotcrete and shall be not less than one inch from the surface

of concrete that will be subjected to severe exposure.

4. Dowels and expansion bolts shall be set in the base concrete or after the

bonding surface is exposed. Any space in the old structure around dowels or anchor

bolts shall be filled with cement mortar rammed into place or by grouting. The con-
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Crete surrounding dowel holes shall be kept thoroughly wet for a period of at least one

hour prior to packing or grouting. Anchors so packed shall be set at least two days prior

to attachment of reinforcement to them or to placement of concrete, and shall not be

disturbed during that time.

5. Shotcrete shall consist of a mixture of Portland cement and sand, the fineness

modulus of which shall be between 2.25 and 2. 75, in the proportion of one bag of ce-

ment to three cubic feet of sand (dry loose measurement, due allowance being made

for bulking), placed by pneumatic pressure through a Shotcrete machine, with the

proper amount of water for hydration applied in the mixing nozzle. The cement and

sand shall be pre-mixed dry in a batch mixer and screened through a ^-inch screen

before being placed in the hopper of the Shotcrete machine. The sand as used shall

have only the normal water content, that is, from 3 per cent to 8 per cent of moisture.

6. Water used in hydrating the material at the nozzle shall be clean and free from

all substances that would interfere with the setting qualities or strength of the cement.

Water pressure in the delivery pipe shall be maintained at 10 to 20 lb. per sq. in. above

the air pressure in the Shotcrete machine.

7. A uniform pressure of not less than 35 lb. per sq. in. shall be maintained in the

placing machine. Where the length of the hose between the placing machine and the

point of placement exceeds 100 feet horizontally and/or 25 feet vertically the pressure

shall be increased so as to secure satisfactory velocity at the nozzle.

8. Shooting strips shall be employed to insure square corners, straight lines and

proper thickness of Shotcrete. These shooting strips shall be so placed that they will

not trap rebound.

9. When "shooting" any surface, the stream of flowing material from the nozzle

shall impinge as nearly as possible at right angles to the surface being covered. All de-

posit of loose sand shall be removed prior to shotcreting. Should any such deposit be

covered with Shotcrete, it shall be cut out and removed by the contractor without

additional compensation.

10. After the main body of Shotcrete has been shot into place, high spots are to

be removed with a sharp-edged screed or trowel in such a way as not to drag the Shot-

crete surface. After this has been done and the shooting strips have been removed, the

entire surface shall be given a flash coat of Shotcrete which shall not be troweled or

screeded but may be brushed with a wet brush if a brush finish is desired.

11. The Shotcrete shall be kept wetted for at least four days after placing. No
Shotcrete shall be placed when the temperature of the surrounding air is below 40 de-

grees Fahr., or against surfaces in which there remains any frost.

12. Measurement for payment for all Shotcrete areas shall be the net contact sur-

face areas encased by or covered with Shotcrete.

SECTION 2

ADDITIONAL REQUIREMENTS FOR SHOTCRETE PROTECTION

OF STRUCTURAL STEEL

13. Steel members to be protected with Shotcrete shall be cleaned thoroughly of all

loose rust, scale, grease, dirt, paint or any other foreign material that will prevent proper

adhesion between the Shotcrete and the steel. New steel members that are to be pro-

tected with Shotcrete should not be painted or oiled.

14. The Shotcrete encasement of steel members shall follow generally the outline

of the members. It shall have a thickness of V/2 in. except at the underside and edges

of lower flanges of floorbeams and girders where the thickness shall be 2 inches, placed
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in not less than two operations, with an interval of two to three hours between opera-

tions. The thickness specified is to be measured from the surface of the steel member

and not from the tops of rivet heads.

15. Shotcrete used for the encasement of steel shall be reinforced with one layer

of 2 in. X 2 in. — 12ga X 12ga or 3 in. X 3 in. — lOga X lOga galvanized electric

welded wire fabric weighing not less than 37 lb. per 100 sq. ft. This reinforcing shall

be cut in sheets and properly bent so that it may be spaced approximately J4 inch away

from the surface of the steel members, and so that it will have a minimum coverage of

^ inch of Shotcrete. Adjacent sheets of mesh shall be lapped at least one full mesh and

securely wired together. On all built-up steel girders, I-sections and channels, holes

shall be shop-punched through the webs of the members for tying the reinforcing mesh

in place. On girders and I-s of more than 20 inches depth, two lines of holes shall be

punched, or drilled, one line just below the top flange and one line just above the lower

flange. These holes shall be not more than three feet apart in each line. Where the

webs are over five feet in depth, an additional line or lines of holes shall be punched

or drilled so that the horizontal lines shall not be more than 3 ft. 6 in. apart. Three-

eighths-inch (3/^-inch) round rods shall be so held in place by wire ties through the

holes in the webs, that the rods shall be at least ^ inch clear of the webs, and the rein-

forcing mesh then securely wired outside of these bars with wire ties approximately 18

inches apart. Care shall be taken to prevent the mesh being drawn against the flanges

of the steel members.

16. Instead of punched holes in webs, specified in paragraph IS above, for use in

attaching ^ inch round rods, suitable connecting pieces may be welded to the webs and

the ^ inch round rods in turn welded to the connecting pieces if approved by the

Engineer.

17. "Gunite", "Guncrete," or other similar materials commonly known by copy-

righted names, if complying with these specifications, will be acceptable where Shot-

crete is specified.

Appendix G

(8) DESIGN OF EXPANSION JOINTS INVOLVING
MASONRY STRUCTURES

C. A. Whipple, Chairman, Sub-Committee; G. E. Boyd, M. Coburn, L. V. Haegert,

A. D. Harvey, J. A. Lahmer, W. M. Ray, G. E. Robinson, H. F. Schryver, W. K.

Wyatt.

The Committee, during the last three years, collected from a number of carriers

plans covering various types of joints involving masonry structures to meet various con-

ditions, and last year submitted sketches appearing under Appendix F, Bulletin 364,

page 986, with criticisms of the various details and gave basic principles to be observed in

determining the details of expansion joints.

This year the Committee desired to present approved joints for different purposes.

To assist us we prepared a questionnaire covering the various kinds of expansion joints

which were printed in the above-named Bulletin, having in view from the answers re-

turned we would be able to design approved joints for different purposes, the details of

which would represent the opinion of the majority answering the questionnaire. Suf-

ficient replies to this questionnaire have not been received from which positive conclu-
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sions can be drawn. It is expected the Committee will be able to present approved joints

in next year's report.

The Committee has collected plans covering various types of vertical expansion

joints involving masonry structures and submits as information without comment,

sketches (Fig. 1 to 11) covering these types.

It is recommended the subject be reassigned for further study.

Appendix H

(9) STUDY SPECIFICATIONS FOR OVERHEAD
HIGHWAY BRIDGES

I. L. Pyle, Chairman, Sub-Committee; L. W. Skov, F. E. Bates, G. E. Boyd, Hardy
Cross, Theo. Doll, A. R. Ketterson, A. N. Laird, J, F. Leonard, G. E. Robinson,

C. P. Schantz, J. J. Yates,

Your Committee has made a careful review of these specifications, and has found

that revisions of many of the articles concerning masonry are necessary to bring them

to conformity with present-day practice. It is recommended, therefore, that a joint

committee be appointed, including representatives from Committees VII, VIII, and XV, to

cooperate with members of the American Association of State Highway Officials in con-

sidering needed revisions of these specifications.
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J. G. Brennan, Chairman;



878 Highways

APPENDIX A

(1) REVISION OF MANUAL

(a) Further study of the proper lighting of the base of signals where lo-

cated in the center of highway.

(b) Further study and recommendation in regard to center-road installa-

tion of flashing light or wig-wag type of signals, consideration to be
given to the elimination from the Manual of the matter and drawings
relating to center of highway installations for highway crossing signals.

P. M. Gault, Chairman, Sub-Committee; Bernard Blum, H. D. Blake, H. E. Brink,

H. M. Church, C. A. Dayton, A. R. Dewees, H. L. Engelhardt, H. W. Fenno,

M. V. Holmes, Maro Johnson, R. B. Kittredge, E. R. Lewis, G. P. Palmer, W. C.

Pinschmidt, L. J. Riegler, Frank Ringer, Leroy Wyant.

Present Form
See highway crossing signal, wigwag

type, for location in center of highways,
Fig. 5 and 6, and flashing light type, for

location in center of highway. Fig. 9 and
10, pages 68, 69, 72 and 73 of Vol. 33;

No. 337, July 1931, Revisions and Addi-
tions to The Manual.

See highway crossing signal, wigwag
type, flashing light type, for location at
side of highway, and reflector lens sign.

Fig. 3, 4, 7, 8, 11 and 12, pages 66, 67, 70,

71, 74 and 75 of Vol. 33, No. 337, July
1931, Revisions and Additions to The
Manual.

See Fig. 13, page 76, of Vol. 33, No. 337,
July 1931, Revisions and Additions to The
Manual.

See page 64, Vol. 33, No. 337, July 1931,
Revisions and Additions to the Manual.

Proposed Form

To be eliminated.

Revised as per drawings attached.
* Renumbering—See note.

Drawing "Center of Road Installation"

to be eliminated.
* Renumbering-—See note.

Highway Crossing Signs and Signals

(1) Highway crossing sign, Fig. 1, to

be used as required where manual or au-
tomatic protection is not provided.

(2) At crossings on heavily traveled

highways where conditions justify, either

of the following standard visible warning
signals should be installed.

(a) Wigwag type, Fig. 2, 3.

(b) Flashing light type. Fig. 4, 5.

(3) At crossings where wig-wag or

flashing light signals are used, one should

be placed on each side of the track, Fig.

2, 3, 4, S.

(4) Circuits for automatic operation

of wig-wag or flashing light signals shall

be arranged so that crossing signals will

operate until rear of train reaches or clears

crossing.

(5) Bell should be used on crossing

signals only when required by local con-

ditions.

* Renumbering—See note.
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Present Form Proposed Form
See Advance Warning Sign, Fig 1 and

eliminated,
paragraphs 1, 2, 3, page 64 of Vol. 33,

No. 337, July 1931, Revisions and Addi-
tions to The Manual.

See Vol. 34, No. 347, July 1932, Re-
visions and Additions to The Manual, page

20, Amendments to "Highway Crossing

Signs and Signals".

"(4)> At crossings where wigwag or

flashing light signals are used, one should

be placed on each side of the track. In

cities and towns where the street is of suf-

ficient width, signals may be located in

the center of the street—Fig. 5, 6, 9, 10,

13".

(c) Number of tracks sign on highway grade crossing sign or signal:

(1) Shall the number displayed signify the actual number of tracks

including sidings, or only main tracks?

Recommended: "The number displayed on the highway crossing sign shall be the

total number crossed, including sidings as well as main tracks."

(2) What distance shall be assumed to separate tracks before an ad-

ditional crossing sign is considered?

Recommended: "100 ft. unless local conditions require otherwise".

Present Form
See Highway Crossing Sign, page 65,

Vol. 33, No. 337, July 1931, Revisions and
Additions to The Manual.

Proposed Form,

Note:

Paint blades white with black letters

and border.

Locate signs at such points as will ad-
mit of the best view by persons approach-
ing the crossing.

Board indicating number of tracks to be
used where there are two or more tracks.

The plan shows the sign mounted on a
wood post. When a post of steel or con-

crete is used the dimensions of the post

should be suitable to the material em-
ployed.

See Detail Plans of "Number of Tracks"
Sign, Both Painted and with Reflector

Lenses.

Endorsement of following detail plans,

page 48, Vol. 35, No. 356, June 1933, Re-
visions and Additions to the Manual:

Note:

Paint blades white with black letters and
border.

Locate signs at such points as will ad-

mit of the best view by persons approach-

ing the crossing.

Sign indicating number of tracks to be

used where there are two or more tracks.

The number displayed on the sign shall be

total number crossed, including sidings.

The distance that shall be assumed to

separate tracks before an additional cross-

ing sign is considered is 100 ft. unless local

conditions require otherwise.

The plan shows the crossing sign

mounted on a wood post. When a post

of steel or concrete is used the dimensions

of the post should be suitable to the ma-
terial employed.
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may be due in part to safety campaigns inaugurated by the railroads and a general adop-

tion of A.R.E.A. grade crossing standards. However, an important factor is the de-

crease of railroad traffic.

Following is a list of the various types of grade crossing protection given consider-

ation by the Sub-Committee during the past year. They are briefly described from the

claims of the manufacturers.

1. The Auto Stop

Evans Products Company, Detroit, Michigan. This is a barrier, which is depressed

below the highway surface until a train approaches the crossing. It first rises vertically

to a height of 4 in. to allow traffic to clear the crossing. The word "Stop" is displayed

with mirrorback reflector buttons six times. It then rises 9.75 in. to its full height re-

vealing four large red flashers. The barrier is operated automatically by trains.

2. Railway Crossing Gate

Patented by Louis H. Prager. This is a gate whereby a vehicle can pass from the

track side in the event that it happens to get caught between the gates when a train

is approaching. This invention has means which permit protecting both the gate and

the top of a vehicle in the event that the gate should strike the vehicle top during the

lowering operation.

3. Blink-O-Lite

The Direct Sales Company, 431 South Dearborn Street, Chicago, 111. This is a flash-

ing light neon operated by batteries.

4. Flashing neon for Highway Safety and Traffic Signals and Commercial
Signs

This is a flashing light neon operated by batteries.

Conclusion

Recommend report be received as information.
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BELL WHEN REQUIRED

iWOI^ODIi^g

LEVEL or HIGHWAY '"^ M

DIRECTIONS:—
1. Signal light shall shine in both di-

rections along the highway.

2. Reflector sign shall display the words
"stop when swinging" in white letters with
white reflector lenses on black, background
toward highway traffic approaching the

near side of the crossing.

3. Cross-buck shall be white with black
letters on both sides. If reflector lenses are

used, letters shall be white on black back-
ground.

4. White sign with black letters indi-

cating number of tracks to be used where
there are two or more tracks. If reflector

lenses are used, letters shall be white on
black background.

5. Mast and parts not otherwise speci-

fied shall be painted white or aluminum.

6. Details not shown shall conform to

A.A.R. signal section recommended practice.

5' PIPE POST

HIGHWAY CROSSING SIGNAL
WIG -WAG TYPE - FOR LOCATION AT SIDE OF HIGHWAY

FIGURE-2
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BELL WHEN REQUIRED

'<m
2-6

I

TRACKS

WJ

a

DIRECTIONS:—
1. Signal light shall shine in both direc-

tions along the highway.

2. Illuminated sign shall display the

word "stop" in red letters toward highway

traffic approaching the near side of the

crossing only while wig-wag is swinging.

3. Cross-buck shall be white with black

letters on both sides. If reflector lenses

are used, letters shall be white on black

background.

4. White sign with black letters indi-

cating number of tracks to be used where

there are two or more tracks. If reflector

lenses are used, letters shall be white on

black background.

5. Lamp case shall be painted black.

Mast and parts not otherwise specified shall

be painted white or aluminum.

6. Details not shown shall conform to

A.A.R. signal section recommended practice.

-5"PIPE POST

LEVEL OF HIGHWAY (—Tr-

HIGHWAY CPOSSING SIGNAL
WI6-WAGTYPE-F0R LOCATION AT SIDE OF HIGHWAY

FI6URE-3
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r
'8

O

BELLWHEN REQUIRED

LEVEL OF HIGHWAY
JL.

DIRECTIONS:—
1. Flashing lights shall shine in both

directions along the highway.

2. Reflector sign shall display the words
"stop on red signal" in white letters with
white reflector lenses on black background
toward highway traffic approaching the

near side of the crossing.

3. Cross-buck shall be white with black

letters on both sides. If reflector lenses

are used, letters shall be white on black
background.

4. White sign with black letters indi-

cating number of tracks to be used where
there are two or more tracks. If reflector

lenses are used, letters shall be white on
black background.

5. Lamp cases, hoods and backgrounds
shall be painted black. Mast and parts

not otherwise specified shall be painted
white or aluminum.

6. Details not shown shall conform to

A.A.R. signal section recommended practice.

4" PIPE POST

-i'-,

HIGHWAY CROSSING SIGNAL
FLASHING LIGHT TYPE-FOR LOCATION AT SIDE OF HIGHWAY

FIGURE-4
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BELLWMEN REQUIRED

DIRECTIONS:—
1. Flashing lights shall shine in both

directions along the highway.

2. Illuminated sign shall display the

word "stop" in red letters toward highway

traffic approaching the near side of the

crossing only while signal lights are flash-

ing.

3. Cross-buck shall be white with black

letters on both sides. If reflector lenses

are used, letters shall be white on black

background.

4. White sign with black letters indi-

cating number of tracks to be used where

,
there are two or more tracks. If reflector

lenses are used, letters shaU be white on

black background.

5. Lamp cases, hoods and backgrounds

shall be painted black. Mast and parts

not otherwise specified shall be painted

white or aluminum.

6. Details not shown shall conform to

A.A.R. Signal Section recommended prac-

tice.

•4"PIPE POST

' LEVEL OF HIGHWAY ^

HIGHWAY CROSSING SIGNAL
FLASHING UGHTTYPE-FOR LOCATION AT SIDE OF HIGHWAY

FieURE-5
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Directions :-

White letters on black backc^round with

wliite border - all dull finish.

Reflector lenses (colorless) shall meet A.A. R.

Signal Section specifications.

REFLECTOR LENS SIGN
For Wigwag Type

HisHWAr Crossing 5iqnal

FIGURE-6

Directions :-

White letters on black background with

white bonder -all dull finish.

Reflecfor lenses (col or (ess)5ha 1 1 meet AA.R.

Signal Section specifications.

REFLECTOR LENS SIGN
For Flashing Light Type
Highway Crossing Signal

FIGURE-7
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)se numeral required

Direcfioas:-

Black leffers on whife backqroi/nj.

Dcfails not shown shall conform to

A.A.R.5\qna\ Section recommended pracHce.

CAST IRON TRACK SIGN
For Wis -Wag S- Flash Light Signal

FIGURE-

a

Directions:- "" i

'~"'

Enamel white letters semi qloas finish

on black enamel background eggshell finish.

Details not shown shall conform hA.A.R.
5icjna\ Section recommended practice.

REFLECTOR TRACK SIGN
For Wig-Wag <S- Flash Light 5k3nal

FIGURE-3



Highways

Directiona:-

Black letters on white background.

Details not sliown shall conform to

A. A. R. Signal Section recommended prdctice.

90° CAST IRON CROSSING SIGN
For WiG-Wi,G 8c Flash LightSignal

FIGURE-10

r<^

Directions:-

Enamel white letters semi qloss finish

on black enamel background eggshell ffnisti.

Details not shown shall conform toA.A.R.

Signal Section recommended practica.

90° REFLECTOR CROSSING SIGN
For Wi<5-V\^q <^ Flash LightSignal

FIGURE-Il



Highways

2--IV

l'^ 3|4'-T28'T'-3ii-n'2iV- 3f;'-rZi"4-3r;-+i''i

+-•-

J -

I

-f

-I-

4

Direc+ions--
Whi+e le++ers on black background with white

border-all dull finish.

Reflector lenses- Crystal (colorless) |g
"

diameter.

REFLECTOR LENS SIGN
For Flashing Light Type
Highway Crossing Signal

Figure- 12
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Sioe or Road Installation

Figure 13.
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Appendix C

(6) ACTION TAKEN BY VARIOUS GOVERNMENTAL BODIES IN
THE UNITED STATES AND CANADA FOR THE CONTROL AND
TAXATION OF TRAFFIC OVER HIGHWAYS

W. L. Young, Chairman, Sub- Committee; Bernard Blum, H. D. Blake, H. E. Brink,

John Carmichael, H. M. Church, C. A. Dayton, P. W. Elmore, H. L. Engelhardt,

L. C. Frohman, R. C. Gowdy, J. P. Hallihan, H. A. Hampton, A. G. Holt, A. E.
Korsell, W. S. Lacher, T. M. Pittman, Frank Ringer, R. F. Wood.

The Committee finds that the information requested for the United States has been

compiled by the Association of American Railroads' Committee on Relations of Railway

Operation to Legislation, and has been published under the title: "State Regulations of

Motor Vehicles, Passenger and Property Carriers, including Laws Enacted in the Year

1933", copies of which may be procured from the Association's Headquarters at 59 East

Van Buren Street, Chicago. The Committee recommends that in order to avoid duplica-

tion of work, this information be accepted as fulfilhng the Committee's assignment so

far as the United States is concerned. The Committee has gathered and compiled

similar information for the provinces of Canada, given in following pages.

Conclusion

Recommend subject be discontinued.
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SUPPLEMENTAL REPORT OF COMMITTEE XXV—
WATERWAYS AND HARBORS

Appendix G

(10) ECONOMIC PRINCIPLES INVOLVED IN CLEARANCES OVER
NAVIGABLE WATERWAYS

Robert H. Ford, Chairman, Sub-Committee; D. J. Brumley, L. G. Curtis, Geo. S. Fan-
ning, W. D. Faucette, R. A. Feldes, I. W. Geer, C. S. Kirkpatrick, F. E. Morrow,
G. J. Ray, G. R. Smiley, A. P. Wenzell.

Present increased activities in making surveys for improving existing navigable water-

ways, as well as those for developing new ones, suggests the necessity for developing a

form to be used by railroad companies in compiling data on the cost of construction,

maintenance and operation of bridges over navigable waterways.

To secure uniformity in the compilation of data by the railroad companies and facil-

itate the summarizing of this data by sections or the country as a whole, a uniform sys-

tem is indispensable.

The form submitted herewith is the result of a study continued during 1934 and

participated in by a number of railroads having waterway problems under discussion with

U.S. Engineers.

This is submitted as a supplement to Report of Committee XXV—Waterways and

Harbors, Bulletin 371, and the attached form is recommended for adoption and publi-

cation in the Manual.

Bulletin 374, February, 1935.
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SUPPLEMENTAL REPORT OF COMMITTEE V—TRACK

Appendix A-3

W. G. Arn, Chairman, Sub-Committee; Lem Adams, L. H. Bond, C. W. Breed, H. R.
Clarke, F. W. Hillman, Elmer T. Howson, F. J. Jerome, F. H. Masters, G. M.
Strachan, J. G. Wishart.

The material now appearing in the Manual, edition of 1929, to be omitted:

Page 228—Maintenance of Surface.

Graph on page 232, entitled "Speed of trains on curves resultant through edge of

middle third height of center of gravity = 84".

Graph on page 233, entitled "Speed of trains on curves unbalanced elevation = 3".

All heights of center of gravity. Those speeds of trains on curves having an elevation of

three inches less than theoretical elevation.

On December 20th the Committee on Outline of Work wrote the Chairman of the

Track Committee in regard to clarifying the curve elevation table in the 1929 Manual,

stating that the Manual should be such that it cannot consistently be misinterpreted,

and if it is not so in respect to this table, the Track Committee should make promptly

any necessary changes under their general assignment of "Revision of Manual," and sug-

gested that, in view of the misinterpretation of this table which is being repeatedly

made, immediate steps should be taken to correct this situation, bringing in a special

report to be acted upon at the 193S convention.

Bulletin 374, February, 1935.
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Present Form

'MAINTENANCE OF SURFACE

(a) Elevation of Curves

The approximate formula:

E = .00066 DS\
in which

E = Elevation in inches of the outer rail at the gage line,

D = Degree of Curve, and
6" = Speed in miles per hour,

will give essentially correct theoretical elevations for the outer rail of

curves, in which the resultant of forces passes practically through the

center line of track.

This formula will give results which are expressed in the following

table

:

Elevation of Outer Rail in Inches

1^



Supplemental Report of Committee V— Track 913

Proposed Form

MAINTENANCE OF SURFACE

(a) Elevation of Curves

The approximate formula:

E = .00066 DS",

in which

E ^= Elevation in inches of the outer rail at the gage line.

D = Degree of Curve, and
5^ Speed in miles per hour,

will give essentially correct theoretical elevations for the outer rail of curves, in which the

resultant of forces passes practically through the center line of track, where center of

gravity of equipment is 84" above rail.

This formula gives results shown in the following table:

u.

o

5 o



914 Supplemental Re port of Committee V— Track

The approximate formula:

E = .00066 DS"— 1.5

will give comfortable speed elevations for the outer rail of curves, in which the resultant

of forces passes practically three and one-quarter inches from (outside of) the center line

of track, where the center of gravity of equipment is 84" abovei rail.

This formula gives results shown in following table:

1\^
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The approximate formula:

E z= .00066 DS"— 3,

will give permissible speed elevations for the outer rail of curves, in which the resultant of

forces passes practically six inches from (outside of) of the center line of track, where

center of gravity is 84" above rail.

This formula gives results shown in the following table:

3 o









DISCUSSIONS

DISCUSSION ON YARDS AND TERMINALS
(I^ir Repiirt. set- pp. 65-101)

Mr. M. J. J. Harrison (Pennsylvania) :—The report of Committee XIV—Yards and

Terminals appears in Bulletin 370, from page 65 to page 101, inclusive. At this time

your Committee presents reports under the heading "Revision of Manual;" it presents

Manual material under the heading, "Grain elevator storage yards and plant tracks," and

under the heading "Scales used in railway service;" it presents as information reports

on "Coordination of facilities at rail and water terminals," "New problems involved in

connection with location and layout of freight terminals as a result of developments in

handling freight by motor trucks," and "Bibliography on subjects pertaining to yards

and terminals appearing in current periodicals."

Under the heading. Revision of Manual, on page 66 of Bulletin MO, your Com-

mittee proposes the revision of the definition of Terminal now appearing in the Manual.

The proposed form of definition is:

"Terminal.—An assemblage of facilities provided by a railway at a terminus or

at an intermediate point for the handling of passengers or freight and the receiving,

classifying, assembling and dispatching of trains."

The present form as it now appears in the Manual is:

"Terminal.—An assemblage of facilities provided by a railway at a terminus or

at intermediate points on its line, for the purpose of receiving, sorting, classifying, as-

sembling and dispatching trains."

The Committee's object in proposing a revision in this definition at this time is to

clarify the definition in connection with a more general revision of the Committee's

Manual material which is proposed to be undertaken this year.

I move the adoption of the proposed form of the definition of Terminal as a sub-

stitute for the present form.

Mr. E. M. Hastings (Richmond, Fredericksburg and Potomac):— I fccond the

motion.

The President:—You have heard the motion and the second. Any discussion?

Those in favor signify by saying "aye"; opposed likewise. The motion is carried.

Chairman M. J. J. Harrison:—In the report of the Committee on page 66 there is

proposed a revision in the definition of the term Yard. With your permission, the Com-

mittee desires to withdraw its recommendation on that point at this time.

The President:—That is allowed.

Chairman M. J. J. Harrison:—Your Committee further recommends the deletion of

the diagram appearing on page Q61 of the Manual. This diagram bears no title, but

represents a track layout for a stub passenger station.

I move the deletion of the diagram referred to.

Mr. E. M. Hastings:—I second the motion.

The President:—You have heard the motion and the second. Any discussion?

Those in favor say "aye" ; opposed likewise. The motion is carried.

Chairman M. J. J. Harrison:—The next subject on which the Committee will

report is "Grain elevator .storage yards and plant tracks." I will ask Mr. W. H. Giles,

Chairman of the Sub-Committee handling that subject, to pre.=ent it,

917



Q18 Yards and Terminals

Mr. W. H. Giles (Missouri Pacific) :—The report on Grain Elevator Storage Yards

and Plant Tracks will be found under Appendix B of Bulletin 370, page 66.

Last year, as a part of its report, your Committee submitted its analysis of the re-

plies received to its questionnaire covering 47 grain elevator plants located on various

railroads in the United States and Canada. The present report outlining the principles

to be considered in connection with the design of plant layouts is offered with the

recommendation that it be approved as Manual material. Shall I read the report?

The President:—I think you will have to. It is all Manual material.

Mr. W. H. Giles:
—"Grain Elevator Storage Yards and Plant Tracks.—Track facilities

to serve large grain elevators involve special yard design. Cooperation between the ele-

vator engineer and the railway engineer is essential to the development of a satisfactorj'

plan."

The President:—If you will pause after each paragraph, any remarks on that para-

graph can be made at that time. If there are no remarks we shall vote on the recom-

mendation section by section rather than paragraph by paragraph.

Mr. W. H. Giles:
—"The location of elevator site, type and capacity of elevator,

topography and local conditions will influence the arrangement of tracks."

The President:—Are there any remarks, gentlemen, on that paragraph? Proceed,

Mr. Giles.

Mr. W. H. Gil^:—"When selecting the site consideration should be given to prop-

erty values, possible arrangement of connections to plant tracks, local railway operating

conditions, and future expansion of elevator plant and of existing railway facilities.

"Proposed method of railway operation should be established and approved by the

elevator operating company and operating officials of the railway.

"Grain Elevators—General Types.—There are three general types of grain elevators,

viz: (!) Rail to rail, (2) rail to water, and (3) water to rail. Specific plants may
be combinations of the:e types.

"Elevator Plant Tracks—Loading and Unloading Tracks.—The number and capacity

of unloading tracks will depend upon the type, arrangement and capacity of elevator un-

loading facilities, but may be limited, in some cases, by the space available."

The President:—Are there any remarks on that paragraph, gentlemen?

Is it the intention, Mr. Giles, that the first line of that paragraph should read "The

number and capacity of loading and unloading" etc.?

Mr. W. H. Giles:—That is, of loading and unloading tracks.

The President:—That would require the insertion of the words "loading and".

Chairman M. J. J. Harrison:—I beg pardon, I think not.

Mr. W. H. Giles:—This paragraph applies to unloading tracks. This is dependent

upon the unloading facilities.

"The car capacity of the tracks above and below the loading or unloading facilities

should be the same.

"Where the car capacity of the unloading tracks on each side of the unloading faciU-

ties is equal to the normal daily unloading capacity of the elevator plant during the

grain handling season, and where the car capacity of the loading tracks on each side

of the loading facilities is equal to the normal daily business handled, the plant switch-

ing will be reduced to a minimum.

"Double ended tracks will permit the continuous movement of cars in one direction

and facilitate switching.

"Spur unloading tracks may necessitate switching cars through unloading shed and

over unloading facilities, requiring the use of idler cars. Locomotives should not be

permitted to enter the unloading shed.
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"Adverse gradients and curvature in tracks will limit the capacity of car haul and
should be avoided. An assisting gradient to and from the loading and unloading facili-

ties should be provided. A short run-off gradient below the unloading facilities will

speed up the movement of empty cars.

"Where car unloaders are used, the track arrangement should provide for the rela-

tive increased capacity of this device. A small plant locomotive or other special car

handling equipment .should be considered in connection with car unloaders. Flexibility

of track layout in the vicinity of car unloader, to facilitate the operation of plant loco-

motive, should be given special attention.

"Loading tracks may be located on the same or opposite side of 'workhouse' from

unloading tracks.

"Certain unloading tracks may be used for loading or to augment the capacity of

the loading tracks.

"Some of the auxiliary buildings, such as storeroom and dust house, may be served

by the loading tracks.

"Other Tracks.—A running track, located outside of unloading shed, shou'd be

provided where double ended tracks are installed.

"A separate track should be provided to serve the power house.

"Additional tracks for coopering cars prior to loading may be installed, if necessary.

"Storage Yard.—The use of a separate storage yard will require additional handling

of cars; therefore careful consideration should be given to the advisability of such a

yard.

"Where the elevator is located near an existing yard and sufficient capacity is avail-

able, or can be economically provided, a separate storage yard may not be required.

"A separate storage yard may be justified where it can be used to augment the

existing yard during seasonal increases in business, or wheTe the elevator is located some

distance from the main or an auxiliary yard.

"The capacity of the loading and/or unloading tracks may influence the necessity

for a separate storage yard, as well as the capacity of such a yard."

I move that this report be approved as Manual material.

Chairman M. J. J. Harrison:—I second the motion.

The President:—The motion is that the material just read, including, as I under-

stand it, the paragraphs headed Grain Elevator Storage Yards and Plant Tracks, Grain

Elevators—General Types, Elevator Plant Tracks, and Storage Yards, be approved as

recommended practice and printed in the Manual. Are you ready for the question ?

Mr. W. A. Radspinner (Chesapeake & Ohio):—Reference to Elevator Plant Tracks

on page 67, apparently refers to a layout of the track. In one of the paragraphs you

state that the locomotive should not be permitted to enter the unloading shed. Two
paragraohs further on you say: "A small plant locomotive or other special car handling

equipment should be considered in connection with car unloaders." It seems to me that

you are mixing up track layouts with operating rules and then making a contradictory

statement about your rules.

Mr. W. H. Giles:—The reference to locomotives not entering the unloading shed

has to do with coal-burning or oil-burning, or regular locomotives employed by the

railroad in setting cars on the plant tracks. A plant locomotive is usually a type of

locomotive propelled by a gasoline or Diesel engine or electric engine that does move

through the unloading shed.

Mr. W. .'\. Radspinner:—You could not get into the building unless you had a

trolley wire or third rail. If you use a battery- power unit, it would have to be a large

one which would add a prohibitive cost to your investment.
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I think that is an operating matter rather than a track layout.

Mr. W. H. Giles;—We realize that that particular sentence is an operating matter,

but it is of such importance we believe it should be called to the attention of everyone

considering the design of a plant layout.

Mr. W. P. Wiltsee (Norfolk & Western) :—I think the Committee has done very

good work here, but there is one matter that I want to call to their attention and to

the attention of other Committees. Our Manual is supposed to contain material that

is reduced to concise form and only essentials. I think some of the items mentioned

here are so well known they are hardly, in my opinion. Manual material. For example,

"Double ended tracks will permit the continuous movement of cars in one direction and

facilitate switching." I think that is so well known it is hardly Manual material.

I am not suggesting any revision at this time but simply call attention to the fact

that we should reduce our Manual material to concise recommendations and not bring in

what might be non-essentials.

Mr. J. E. Teal (Chesapeake & Ohio) :—I agree with Mr. Wiltsee to a certain extent.

I think in laying out plants of that nature those things are generally known by the

seasoned engineers but they are not known by the junior engineers who are often re-

quired to work on those projects. Information of the kind referred to would be helpful.

Mr. S. S. Roberts (Interstate Commerce Commission):—I agree partly with both

of the gentlemen. I think it might be well to state that tracks open at both ends are

preferable. That would call attention to the idea. Where you have to have stub end

tracks, it might be well to suggest the idea of a run-around track about the loading plat-

form, so that the plant could be switched without going under or on the platform.

Chairman M. J. J. Harrison:—If I may interrupt, the last gentleman who spoke

mentioned something with which I agree. At the same time, the Committee tried to

adhere to the views that were expressed by Mr. Wiltsee. There was much more that

could have been said that was not included in the report now before you. There is

nothing fundamentally wrong with the suggestion made by the last speaker. I am just

wondering if he would feel like insisting at this time that his thought be incorporated.

If not, I wonder if he would be willing to accept this material at this time with a

view to consideration by the Committee next year of such revision as would include

the thought he just expressed.

Mr. S. S. Roberts:—That would be entirely satisfactory to me if you think it is

best to propose something for inclusion in the Manual now with the idea of changing

it again next year.

Chairman M. J. J. Harrison:—The Committee will be very glad to consider re-

visions either in this or any other part of its Manual material at any time. It would

prefer, of course, that this material might be accepted at this time, subject, of course,

to revision in any respect at any time, if it were decided that such be proper.

The President:—I believe the Committee finds itself in this position—that this

particular paragraph together with all other paragraphs in this submission have received

what is believed to be full and sound consideration, and the Committee hesitates to

revise some one part of the submission in this way without more adequate considera-

tion being given to the effect, if any, of the change upon other parts of the submission.

That, I believe, is the reason for their hesitancy.

Mr. S. S. Roberts:—Pardon me, but I cannot see how it does affect any other

paragraph.

The President:—The motion before you, gentlemen, is for the adoption of all this

material for printing in the Manual. Are you ready for the question? Those in favor

signify by saying "aye"; opposed. The motion is carried.
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Chairman M. J. J. Harrison :^The next subject on which your Committee offers

a report is "Coordination of facilities at rail and water terminals." I will ask Mr.

Sadler, the Chairman of the Sub-Committee, to present that part of our report.

Prof. W. C. Sadler (University of Michigan) :—On rail-water terminals as in the

other branches of transportation service, the railroads are expected and stand ready

to give full cooperation. This situation necessitates that many railway engineers have

some understanding of the problem of coordination. Your Committee was raised to

meet this need.

It should be appreciated at the start that the design of any terminal is peculiar

unto itself and each problem must be solved in the light of its own circumstances.

Your Committee thought it would be helpful, however, to present the general practice

in this country. This information on practice is offered merely as a guide. Your

Committee sent out a questionnaire of 162 items and received replies from about 100

terminals. That meant a total of 15,000 answers. The mere classification of these

answers was an extensive job. This was followed by the analysis of each class.

Those who have gone into the details of this report have noticed that the

Committee has indicated the current practice of design in the matter of overall dimen-

sions, floor loadings, scale service, channel maintenance and road connections.

I might mention that there are two fields of study which would be worthy of

future consideration: (1) Details of mechanical equipment; (2) Operation of handling

and storing of goods.

I move that this report be received as information.

The President:—No motion is required, Prof. Sadler. Unless there is objection,

this report will be received as information. There being no objection, it is so received.

Chairman M. J. J. Harrison:—The next subject on which your Committee reports

is, under the title, "Scales used in railway service," a complete set of Specifications for

the Manufacture and Installation of Motor Truck, Built-in, Self-contained and Portable

Scales for Railway Service.

As pointed out in the introduction to this section of its report on page 12 of the

Bulletin, this material replaces similar material under the same title which was, by

action of the 1934 Convention, withdrawn from the Manual.

The specifications proper, beginning on page 7.5 and continuing to and including

page 91 of the Bulletin, are under the following headings. If it is satisfactory, I will

refer to them heading by heading.

The President:—If you will. We will ask the members to make their remarks on

any paragraph at the time it is referred to.

Chairman M. J. J. Harrison:—Starting, then, on page 7.^, the first paragraph is

the introduction.

"Information to be Supplied by Purchaser, Classes of Scales, Capacities and Sizes,

Plans, Working Stresses, and Formulas, Particulars of Loading, Scale Levers, Pivots

and Bearings, Nose Irons, Loops and Connections, Lever Fulcrum Stands, Checks,

Weigh- Beams and Accessories, Anti-Friction Points and Plates, Clearances, Factory

Adjustments, Interchangeability, Sensibility Reciprocal, Performance Requirements, Lo-

cation and Elevation, Foundations, Scale Beam House or Box, Installation, Platforms,

Light, Drainage and Ventilation, Entrance to Scale Pit, Protection from Corrosion."

These specifications are offered for adoption and inclusion in the Manual of the

Association and I move they be so adopted.

Mr. E. M. Hastings (Richmond, Fredericksburg & Potomac):—I second the motion.

The President:—You have heard the motion and the second, gentlemen. Is there

anv discussion?
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Mr. J. B. Hunley (Big Four):—What was the Committee's idea in using the

double set of working stresses given on page 75? Personally, I think that is a fine

thing in bridge work where we have large dead loads, but the dead load on a motor
truck scale is very small, and it would seem to me that this is simply complicating the

matter.

Is it worth while going to that trouble? I think it would give you a very well

balanced structure but I do not see that it is necessary where the dead load is so small

as compared with the live load.

Chairman M. J. J. Harrison:—The point is apparently well taken. I would like

to point out first of all what is hardly necessary to point out, that much of the ma-
terial in this specification is adapted from the work of other committees of this As-

sociation.

In regard to this particular point, it did seem to the Committee that it was worth

while including what at first thought seemed like a somewhat complicated, if I may use

the word, method of referring to stresses, in dividing as between live load and dead

load. There are two things which led the Committee to do that. In the first place,

there is a very great tendency at the present time to use reinforced concrete decks on

scales of this type, which does add rather considerable total weight to the dead load.

In the second place, it seems to be desirable to whittle, if I may use that word,

down the structural steel to the very least required. That can be accomplished slightly

more easily by the setting up of the dead load stresses and the live load stresses as

shown on page 75.

Mr. J. B. Hunley:—On many structures I think it is very desirable to do that.

This was started in the specification for steel highway bridges. That was really a

very good specification for the highway bridges on which the dead load is very high,

as is the case with concrete decks, but that has proven unpopular, especially with the

highway officials, and I think it is going to be abandoned. It was considered one time,

for the specification for steel railway bridges. I will admit that it is a logical pro-

cedure on some structures. I have no special objection to it but I think eventually

this is going to be the only specification which will have the double set of unit stresses,

as it will eventually come out of the highway specifications.

Chairman M. J. J. Harrison:—I might say for the benefit of the convention that

this particular point was discussed almost to exhaustion in the meetings of the Com-
mittee. To satisfy the apparently conflicting desires of some of the members of the

Committee, there seemed to be no way to solve the problem except to give the plan

as presented here. I regret that Mr. Hunley feels that the proposal is not entirely

proper, but there seemed to be no satisfactory answer to the problem as it was pre-

sented to the Committee except to do it this way.

Mr. J. B. Hunley:—I am not objecting very seriously. I think it is a logical

thing to do, if you think it is worth while. I just wondered if you thought it gave

more rational design. The dead load on motor truck scales maybe of course quite

large. On the other hand, you have reduced the live stress to 12,000 lb., including

impact, which is largely a guess, and you might as well have gone a step further and

covered all of it in the unit stress. I do not think it is wrong; I really think it is

logical, but I doubt if it is worth while.

Mr. C. H. Sandberg (Santa Fe) :—In regard to Article 515, "Bearing Pressures:

Soil and Rock" ; would it not be desirable to place a minimum requirement on the

depth of the strata? Sand, gravel, or clay, the way it is written, could have any

thickness whatever, whereas your Committee undoubtedly intended to have certain

minimum depths of strata.
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Chairman M. J. J. Harrison:—After all, the figures given on page 78 are intended

as a general guide. If the Committee had gone into details of that sort, somebody

could have said we were going into too much detail for something that was relatively

unimportant.

Mr. C. H. Sandberg:—I disagree with that. In most .specifications for bearing on

soils you will find that they specify minimum depths of strata. Especially for the

guidance of the younger members, I think our Manual should be complete in this

respect.

Chairman M. J. J. Harrison:—The Chairman of the Sub-Committee who pre-

pared this report has come into the room since the Committee came to the platform.

I would like to ask Mr. Roeser, who is now in the room, to answer Mr. Sandberg's

statement.

Mr. H. M. Roeser (Streeter-Amet Company):—It is very difficult for me to talk.

I wish you would respond to Mr. Sandberg. I will tell you why I am not up there.

It is because a while ago in the dining room I asked for three-minute eggs and got

wheat cakes and sausage.

Chairman M. J. J. Harrison;—I am not prepared at this time to say what the

position of the Committee might be on the particular point. Would it be satisfactory

to say the Committee would be glad to take Mr. Sandberg's suggestion under con-

sideration.

The President:—Yes, sir.

Chairman M. J. J. Harrison:—The Committee will be very glad to do so.

Mr. W. P. Wiltsee (Norfolk & Western);—The Committee states under Concrete

Bearing Stresses: "The stress to be allowed for bearing on concrete shall not exceed

300 pounds per square inch." The question of the grade of concrete you might use

I think would influence that.

Chairman M. J. J. Harrison;—I was trying to find out if there was not a cross-

reference in here saying what kind of concrete was contemplated. Unfortunately, I

have not found it yet.

The Committee notes Mr. Wiltsee's point and will be very glad to go into it.

Mr. H. M. Roeser;—The only thing relative to concrete bearing stresses, that

specification is simply reiterated from previous specifications on the same general sub-

ject. There was no great amount of study undertaken to determine whether or not it is

a proper value. It happened that other specifications of the same kind carry that

same value which is carried on here.

The President;—Are you ready for the question, gentlemen? The motion is

that this specification be adopted for printing in the Manual. Those in favor signify

by saying "aye"; opposed likewise. The motion is carried.

The Committee will please make note of the discussion for future reference.

Chairman M. J. J. Harrison;—The Committee will be very glad to do that.

The next subject on which the Committee reports is "New problems involved in

connection with location and layout of freight terminals as a result of developments in

handling freight by motor trucks." I will ask Mr. W. J. Hedley, Chairman of the

Sub-Committee, to present that part of the report.

Mr. W. J. Hedley (Wabash):—The Sub-Committee, in studying this subject, made

an extensive report to the general committee containing information gleaned in relation

to this subject. From that report the general committee reached the conclusions that

arc expressed in this report printed on page 92 of Bulletin 370. This is offered for the

information of the Association.

The President:—If there is no objection, it will be .so accepted. It is so accepted.
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Chairman M. J. J. Harrison:—The Committee presents this year a somewhat

extensive bibliography on subjects pertaining to yards and terminals appearing in

current periodicals. I will ask Mr. E. E. R. Tratman, who prepared this bibliography,

to present the report.

Mr. E. E. R. Tratman (Civil Engineer) :—There is not much to say about this

bibliography. It is about the same as in former years. We have tried to give you as

much information as we could on the general subject. You will notice, however, that

on page 97 there begins a new section of the bibliography, a special section on coal

handling terminals and coal handling at ports. That was prepared in connection with

the work of the Sub-Committee on Coal Terminals, and, although that Sub-Committee

has no report, it was concluded that this bibliography should be published as a matter

of information. As to the bibliography in general, I can only say that it must speak

for itself, and what it says is for you to interpret ; but I am sure the Committee will

be very glad to hear of anyone who has had occasion to use it, whether they have found

it satisfactory or otherwise.

Chairman M. J. J. Harrison:—The Committee desires to express its thanks to the

several members of the Association who have favored it with written comments and

criticisms of its current report.

That is all we have to offer.

The President:—Thank you, Mr. Harrison.

Is there any discussion as to the generality of the report of this Committee? If

not, the Committee is excused with the thanks of the Association (Applause).

DISCUSSION ON SHOPS AND LOCOMOTIVE TERMINALS
(For Report, see pp. 103-113)

Mr. J. M. Metcalf (Missouri-Kansas-Texas):—The report of the Committee on

Shops and Locomotive Terminals appears in Bulletin 370, beginning on page 103. We
are reporting this year on the following subjects:

(1) Revision of Manual; (3) General reclamation plants, and (6) Car Paint Shops.

The Committee reports progress and asks for continuation on the following subjects:

(2) Welding equipment, (4) Power plants, and (5) Car wheel shops.

The report on Revision of Manual will be submitted by Mr. L. P. Kimball, Chair-

man of the Sub-Committee.

Mr. L. P. Kimball (Baltimore & Ohio):—In line with the request of the Com-
mittee on Manual of the Board of Direction for a review of material now in the Manual,

the Committee is presenting under the title of Engine House Design an assembly of the

material now existing in the Manual under that heading and allied subjects. This appears

in Bulletin 370, pages 103 and 107 inclusive. This assembly of material is offered as a

replacement of matter now appearing as follows:

Engine House Design, pages 1471-1474 inclusive, 1929 Manual; Ventilation of

Engine Houses, pages 1475 and 1476, 1929 Manual; Engine House Design, pages 71 and

72, Bulletin 347; Engine House Design, pages 67 and 68, Bulletin 356; Turntables,

page 146, Bulletin 367 and 368.

Generally the material that is now offered is similar to that now on record, with

some minor changes and additions to bring it up to date. The new assembly also

eliminates certain duplications and repetitions now appearing under the different titles.

The material under the title of Turntable is exactly the same as that adopted by the

1933 and 1934 Conventions.

If satisfactory I will refer to this material simply by the headings of the para-

graphs for discussion, without reading the complete detail.
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The President:—That will be satisfactor_\-, and we will ask the members to make

their comments paragraph by paragraph as they are presented.

Mr. L. P. Kimball:—Beginning on page 10,?: Form, turntable.

Mr. J. E. VVilloughby (.Atlantic Coast Line):— I think the three-point support

turntable i- preferable whether the locomotive lie long or short. There is a detinite ad-

vantage in the three-point support since it will eliminate the necessity of balancing the

locomotive. If the Committee will take out the words, "where long locomotives are

to be handled," it will improve the report, according to my viewpoint.

Mr. L. P. Kimball:—The Committee will be very glad to consider that. I made the

particular point in .egard to this turntable information, however, that the matter in-

cluded in this report is exactly the same as that adopted by the last two conventions,

but we will be very glad to take that suggestion into account.

"Door Openings, Doors, Tracks, Position of Locomotive, Length of House, Ma-
terials, Walls, Floors, Engine Pits, Drop Pits, Cross-Section of House, Framing, Smoke

Jacks, Windows, Heating, Piping, Electric Lighting and Power Wiring, Machine and

Tool Equipment, Mechanical Handling Devices."

I move the adoption of this material for inclusion in the Manual in place of the

existing material previously listed.

Chairman J. M. Metcalf:—I second the motion.

The President:—Gentlemen, you have heard the motion and the second. Is there

any discussion ? If not, those in favor signify by saying "aye" ; opposed likewise.

The motion is carried.

Chairman J. M. Metcalf:—The report on the subject of general reclamation plants

will be presented by Mr. H. C. Lorenz, Chairman of the Sub-Committee.

Mr. H. C. Lorenz (Big Four) :—The report of this Sub-Committee will be found

in Appendix B, beginning on page 108. This report was made in collaboration with

the special sub-committee selected from the AAR Reclamation Committee. The first

part of the report describing the purpose, operation, etc., of a reclamation plant and

reference to the very interesting and complete reports on the subject of reclamation in

the Proceedings of the AAR is presented as information.

The second part. Conclusions, is presented for pubHcation in the Manual.

"The Reclamation Plant should be located at the same point and adjacent to the

Scrap Plant to insure minimum handling expenses.

"The Scrap Plant, when the amount of material to be handled warrants, should

consist of a crane runway 80 to 100 feet wide, of sufficient length, having a sufficient

number of cranes of 10 to 15 tons capacity, equipped with magnets to handle the

material in process of classification, etc. Necessary runways should be provided to

facilitate the trucking of material to the reclaim area.

"The reclaim building or buildings should be centrally located with respect to the

scrap area, of sufficient length and width to meet individual requirements, and served

by a depres."ed track for loading out reclaimed materials. It should be constructed

of fireproof material, adequately heated, and with electric lights arranged to suit each

particular operation.

"The building should be provided with a .suitable floor and the runways outside

should be paved to facilitate handling of materials.

"There should be adequate provision for the storage of necessary fuel such as

coal, oil, etc.

"The plant should be equipped with modern machinery and appurtenances neces-

sary to insure satisfactory workmanship, selected and arranged to reduce to a minimum

manual work and movement of material through the shop."
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After this report was printed in the Bulletin, I received a letter from Mr. Collins,

Chairman of the AAR Committee on Reclamation, to include in the conclusions a recom-

mendation for a track for dismantling locomotives. The Committee therefore recom-

mends the following be inserted as the third paragraph of the recommendation:

"An inbound and outbound track located adjacent to and inside the runway rails

or supports, preferably connected at both ends, and in case locomotives are to be dis-

mantled a stub end track in the center between them should be provided."

I move for the adoption of this material.

Chairman J. M. Metcalf:—I second the motion.

The President:—You have heard the motion and the second, gentlemen. Is there

any discuTsion? If not, those in favor signify by saying "aye"; opposed likewise. The

motion is carried.

Chairman J. M. Metcalf:—The report on Car Paint Shops will be presented by

Mr. A. G. Borland, the Sub-Committee Chairman.

Mr. A. G. Borland (Elgin, Joliet & Eastern):—The report of this Sub-Committee

is shown on pages 111 to 113 inclusive. Beginning at the top of page 111 and down

to the subheading Conclusions is offered as information only.

The President:—It will be so accepted.

Mr. A. G. Borland:—The following conclusions are recommended for publication

in the Manual.

"(A) Freight Car Paint Shops: The paint shop for freight cars may be either

of the longitudinal or transverse type, the longitudinal shop being more practical in

most cases. The longitudinal shop should be open at both ends and the transverse

shop should have a transfer table, unless it is short enough to be served by a ladder

track.

"Space should be provided outside of the paint shop for the preparing of cars.

The most common method of cleaning for wood freight cars is scraping, for steel freight

cars is sand blasting. This space should be designed so that steel cars may be moved

into the shop immediately after cleaning and the first coat of paint applied.

"The size of the proposed shop may be determined on a percentage basis by the

following formula:

X = ac/bd

X represents percentage of total cars in service.

a represents number of cars to be painted annually.

b represents number of cars in service.

c represents number of days cars must be in shop.

d represents number of days shop is to be operated annually.

This percentage averages about one-fourth of one per cent; the length of time in shop

depends on amount of cleaning done inside the shop, the number of coats of paint

applied and the stenciling.

"The tracks in shop should be twenty feet center to center; the distance from

center line of outer track to face of outside wall should be at least twelve feet ; the

distance allowed between ends of couplers of cars should be at least seven feet; ten

feet should be allowed between end of coupler and face of wall.

"If painting is done by other than the spray process, permanent scaffolding should

be provided; these scaffolds should be adjustable and easily operated.

"It is preferable to have the paint stored in a separate building, but where this is

undesirable the storage should be in a room separated from the main shop by standard

fire walls and approved fire doors.

"All electric wiring should be in conduit and all electric switches for lights, fans or

other equipment should be located in a separate room away from the paint fumes.
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"The freight car paint shop should be conftructed entirely of fireproof material,

with a concrete floor having a smooth surface and good drainage; this floor may be

waterproofed and the corners rounded to facilitate cleaning. All shelving and lockers

should be made of non-combustible material. The shop should be well lighted both

naturally and artificially, vapor-proof globes being used. All belting should be elim-

inated in order that the hazard of static electricity will be minimized.

"The shop should be adequately heated and ventilated; artificial ventilation by

fans and blowers, if used, should provide for the circulating of all the air in the shop,

consideration being given to the .specific gravity of the vapors. Fan blades should be

rigid and made of non-sparking material with ample clearance to avoid creating fire

by friction, necessary allowance being made for ordinary expansion and loading to

prevent contact between moving parts and the duct. Special attention should be paid

to the removal of spray paint fumes as fast as they are liberated. This promotes

safety, increases the efficiency of the labor and minimizes the danger of possible ex-

plosion.

"The car paint shop should be provided with approved automatic sprinkler systerri

and a sufficient number of fire extinguishers as well as any other fire protection required

by local conditions or laws."

The President:—Mr. Borland, as the part you have just read deals with Freight

Car Paint Shops, and (B) deals with Passenger Car Paint Shops, would it be desirable

to act on them separately, or would you prefer to handle them together?

Mr. A. G. Borland:—I think it would be better to handle them together. There

is quite a bit of duplication in the two.

"(B) Passenger Car Paint Shops: On account of the dust and dirt in the air,

especially where cars are being cleaned, passenger cars should be painted in a shop.

This, shop should be separate from the freight car paint shop as the class of work is

different and as paint from spray painting of freight cars would get on adjacent cars.

"The paint shop for passenger cars may be either the transverse or longitudinal

type, the transverse shop being more practical in most cases. The transverse shop

should have a transfer table, unless short enough to be served by a ladder track; the

longitudinal shop should be open at both ends.

"Space should be provided outside of the paint shop for the preparing of cars. The

most common method of cleaning for wood passenger cars is burning off old paint, for

steel cars is sand blasting. This space should be designed so that steel cars may be

moved into the shop immediately after cleaning and the first coat of paint applied.

"The size of the proposed shop may be determined on a percentage basis by the

following formula:

.Y = ac/bd

X represents percentage of total cars in service.

a represents number of cars to be painted annually.

b represents number of cars in service,

r represents number of days cars must be in shop.

(i represents number of days shop is to be operated annually.

This percentage averages about two per cent for passenger cars.

"The tracks in shop should be twenty feet center to center; the distance from

center line of outer track to face of outside wall should be at least twelve feet and six

inches; the distance allowed between ends of couplers of cars should be at least eight

feet; eleven feet should be allowed between end of coupler and face of wall.

"Additional space in separate room or building should be provided for the storage

and cleaning of cushions and other facilities removed from the cars.



028 Shops and Locomotive Terminals

"Separate room should be provided for the applying of lacquer, said room being

separated from main shop by standard fire walls and self-closing fire doors.

"It is preferable to have the paint stored in a separate building, but where this is

undesirable, the storage should be in a room separated from the main shop by standard

fire walls and approved fire doors.

''Permanent scaffolding of non-combustible material should be provided ; these

scaffolds should be adjustible and easily operated.

"All electric wiring should be in conduit and ail electric switches for lights, fans or

other equipment should be located in a separate room away from the paint fumes.

"The passenger car paint shop should be constructed entirely of fire-proof ma-

terial with a concrete floor having a smooth surface and good drainage. This floor

may be waterproofed and the corners rounded to facilitate cleaning. All shelving and

lockers should be made of non-combustibic material. The shop should be well lighted,

both naturally and artificially, vapor-proof globes being used. All belting should be

eliminated in order that the hazard of static electricity will be minimized. Explosion-

proof motors should be used.

"This shop should be adequately heated and ventilated; artificial ventilation by fans

and blowers, if used, should provide for the circulating of all the air in the shop, espe-

cially in the lacquer room ; openings should be provided in the floor of the lacquer

room as well as at the ceiling and corners, consideration being given to the specific

gravity of the vapors. Fan blades should be rigid and made of non-sparking material

with ample clearance to avoid creating fire by friction, necessary allowance being made

for ordinary expansion and loading to prevent contact between moving parts and the

duct.

"Special attention should be paid to the removal of spray paint fumes, particu-

larly in the lacquer room, as fast as they are liberated. This promotes safety, increases

the efficiency of the labor and minimizes the danger of possible explosion.

"The car paint shop should be provided with approved automatic sprinkler system

and a sufficient number of fire extinguishers as well as any other fire protection required

by local conditions or laws."

I move that the conclusions read, (A) Freight Car Paint Shops, and (B) Passenger

Car Paint Shops, be approved for inclusion in the Manual.

Chairman J. M. Metcalf:—I second the motion.

The President:—Gentlemen, you have heard the motion and the second. Is there

any discussion ?

Mr. L. J. Hughes (Rock Island):—In looking at the formula for determining the

proper size of a car shop, from the brief study I have given the formula, I cannot see

where it shows how to determine the size of a shop. The result given by the formula

is the percentage of cars to be serviced; possibly this can be clarified a little.

Mr. A. G. Borland:—Possibly instead of saying "size of shop," "capacity of shop"

would be better.

Mr. L. J. Hughes:—It occurs to me that if you are going to publish something in

the Manual which is to be used as a guide in designing shops, the information should

be specific. When the size of a shop is mentioned, the Engineer usually thinks of it in

terms of dimensions, length and breadth. If the Committee does not desire to give a

formula to produce those quantities, then it should specify "capacity" rather than "size".

Mr. A. G. Borland:—I do not suppose there is any objection from any member of

the Sub-Committee to say in both of these cases "The capacity of the pn)|)osed .shop"

instead of "The size of the proposed shop."
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The President:—Do you make that change in the report, Mr. Doriand?

Mr. A. G. Doriand:—Yes, unless there is objection. There is none.

Mr. F. L. Nicholson (Norfolk Southern):—I would like to ask a question. The

Committee recommends a longitudinal shop for painting box cars and a transverse

shop for painting passenger cars. Will you tell me why?
Mr. A. G. Doriand:—That was from the result of the questionnaire on recom-

mendations. We did not ask what common practice was, but we did ask what the

recommendations were. We received thirty-three replies. For freight car paint .shops,

twenty-two prefer longitudinal shops and eight transverse shops. For passenger car

paint shops twenty recommended transverse shops and nine longitudinal .shops. For

that reason we made the recommendation that way. We say that either one can be

used, but we tell which is preferable.

Mr. F. L. Nicholson:—That docs not give me the reason for it. I would like to

_know why the difference.

Mr. A. G. Doriand:—As I say, the reason is the majority rule from the c|uestion-

naires.

Mr. J. E. Willoughby (Atlantic Coast Line) :— I take it that what the Committee

means by A' is the number of cars that are to be serviced in the shop under considera-

tion. A number of railroads have more than one shop.

Mr. A. G. Doriand:—Yes, it would be the number of cars to be serviced in any shop.

Mr. J. E. Willoughby:—I think that modification ought to be made in the formula.

The President:—Would that be in any shop or in all shops?

Mr. J. E. Willoughby:—A' represents the percentage of total cars to be serviced

in that shop.

Mr. A. G. Doriand:—That would be satisfactory.

The President:—Does the Committee accept that revision?

Mr. A. G. Doriand:—Yes, sir.

Mr. A. E. Wiliahan (Kansas City Southern):—Is there any objection on the part

of the Committee to condensing that part of the report under (A) and (B) that is

identical, in one group under one heading, with the exceptions under the proper head-

ings for the purpose of reducing the amount of material in the Manual?

Mr. A. G. Doriand:—This subject was assigned to us by the Board of Direction

as two separate subjects, Freight Car Paint Shops and Passenger Car Paint Shop-, and

we tried to abide by their ruling by making them entirely separate.

Mr. Geo. S. Fanning (Erie):—I was about to rise and make the .same inquiry,

wh>' the parts of these two reports which are identical should not be included under

general headings with separate headings for freight cars and passenger cars, where the

information is different. I suggest that that be done. It would certainly meet with the

approval of the Outline of Work Committee.

Mr. A. G. Doriand:—If it is desired, it could be done, but it should come from

the Board of Direction. If you want to take action asking the Board of Direction to

refer this back to the Committee, there would be no objection.

The President:— I believe it would be in order for the Committee to withdraw its

report for consideration as to form, if you wish to do that, Mr. Doriand.

Mr. A. G. Doriand:—I do not believe we should withdraw it unless we are in-

structed to. We have worked on this report for two years.

I move the adoption of it as it is printed, with the change in the two formulae

from ".size of proposed shop" to "capacity of the proposed shop."

Chairman J. M. Metcalf:— I may say the Comniitlee gave consideration to the

suggc.-tion of consolidating this matter. In view of the subjects having been a.ssigned

^eparately for freight cars and passenger cars, and as different consideration needs to
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be given to the two subjects, it was the thought of the Committee that the conclusions

were not ve -y voluminous anyway and it might be of advantage to have the matter

in the Manual under the two subjects. If it is the wish of the convention that thev

be consolidated to reduce the space, the Committee would be glad to reconsider. I

think our Committee would be glad to have a vote on the recommendation as it stands,

if that is agreeable.

Mr. Geo. S. Fanning:—The assignment is (6) Car Paint Shops (a) Freight, (b) Pas-

senger. There is nothing in that assignment that would prevent having things that

apply to paint shops generally included under the general heading, with separate head-

ings for freight and passenger.

I would like to amend the motion to have this report accepted for inclusion in the

Manual subject to a rearrangement of the material into three groups—first, a general

group to include things that apply to both headings, and then an (a) group for freight

and (b) group for passenger.

The President:—Would that amendment be acceptable to the maker of the original

motion ?

Mr. A. G. Borland:—I think so.

The President:—And to the seconder?

Chairman J. M. Metcalf:—Yes.

The President:—That amendment is acceptable to the maker and seconder of the

original motion. Therefore the motion now stands that the material as presented and

revised be adopted for inclusion in the Manual, subject to editing as to form. I am
paraphrasing the motion. Is that correct, Mr. Fanning?

Mr. Geo. S. Fanning:—Yes.

The Pre;ident:—Are you ready for the question? Those in favor signify by saying

"aye"; opposed likewise. The motion is carried.

Chairman J. M. Metcalf:—That concludes the report of the Committee on Shops

and Locomotive Terminals.

The President:—Thank you, Mr. Metcalf.

The Committee is excused with the thanks of the convention. As usual, this Com-

mittee has presented timely and valuable information (Applause)

.

DISCUSSION ON WATER SERVICE, FIRE PROTECTION
AND SANITATION
(For Report, see pp. 133-163)

Mr. R. C. Bardwell (Chesapeake & Ohio):—The report of Committee XIII—Water

Service, Fire Protection and Sanitation, is presented in Bulletin 370, pages 133 to 163

inclusive.

The report on the first assigned subject. Revision of Manual, appears on page 134

as Appendix A. It was noted by the Committee that the plan on page 940 of the 1929

Manual, showing details for lugs to be used on standard round hoops applied to 50,000

and 100,000 gallon capacity standard wood water tanks, does not show sufficient infor-

mation to permit ready manufacture. This plan has been revised to show all the neces-

sary dimensions, and the revision is presented on page 135 as Fig. 1.

It is the recommendation of your Committee, and I so move that the present plan

showing standard tank lugs appearing on page 940 of the 1929 Manual be eliminated

and replaced with the revised plan with details shown on page 135 of Bulletin 370.

Mr. R. E. Coughlan (Chicago & Northwestern):—I second the motion.
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The President:—You have heard the motion and the second. Is there any discus-

sion? Those in favor signify by saying "aye"; opposed likewise. The motion is carried.

Chairman R. C. Bardwell:—It was further noted that the chart showing quantity

of pure reagents required to remove one pound of incrusting or corrosive matter from

water, appearing as Table 1 on page 927 of the 1929 Manual, is based on the use of

calcium o.xide or lump lime. This chemical has been replaced for use in railroad water

treatment at the great majority of complete lime-soda ash water softening plants with

hydrated lime due to convenience and economy in handling and storing.

With this in view, it is considered advisable to revise this table and base the in-

formation shown on the use of hydrated lime. This proposed revision is shown as Table

1 on page 134 of Bulletin 370. It is recommendation of your Committee, and I so move

that the information shown as Table 1 on page 927 of the 1929 Manual be eliminated

and replaced with the data shown as Table 1 on page 134 of Bulletin 370.

Mr. R. E. Coughlan:—I second the motion.

The President:—You have heard the motion and the second. Is there any discus-

sion? If not, those in favor signify by saying "aye"; opposed likewise. The motion is

carried.

Chairman R. C. Bardwell:—The information on zeolite treatment of water for

locomotives as approved by the Association at the 1930 convention and appearing as

supplement to the Manual on pages 65 and 66 of Bulletin 327 dated July 1930, is not

considered sufficiently complete and it is further desired to make some changes in the

subject-matter.

This has been reviewed, and it is the recommendation of your Committee, and I

so move that the information shown under the heading Zeolite Water Treatment, on

page 136 of Bulletin 370, be substituted for the information shown on Zeohte Water

Treatment appearing as supplement to the Manual on pages 65 and 66 of Bulletin 327.

Mr. R. E. Coughlan:—I second the motion.

The President:—You have heard the motion and the second. As I understand it

that motion includes all of the information on page 136 from Zeolite Water Treatment

to the bottom of the page.

Chairman R. C. Bardwell:—^Yes.

The President:—Do you wish to have this read, gentlemen, or are you prepared to

discuss it without reading? Is there any discussion of this matter as presented? If not,

tho£e in favor of the motion for the substitution of this material for the material now
in the Manual say "aye"; opposed likewise. The motion is carried.

Chairman R. C. Bardwell:—Continued study has been given assignment (2) Cause

of and remedy for pitting and corrosion of locomotive boiler tubes and sheets. It was

felt that the developments in this subject during the past year have not been sufficient

to warrant a special report. It is recommended that the subject be reassigned for fur-

ther study during the coming year.

The progress report on assignment (3) Value of water treatment with respect to

estimating and summarizing possible savings effected, will be presented by the Sub-

.Committee Chairman, Mr. R. E. Coughlan.

Mr. R. E. Coughlan:—This report is given as Appendi.x B, page 137 of Bulletin 370.

The work of your Committee during the past year has been an endeavor to determine

the value of treated water to the railroad to justify the investment. We have listed the

main results of treated water under four headings. In following this classification, we

have found that each of these headings showed a definite gratifying return, which was

particularly welcome due to the reduced operating income, because of the financial situ-

ation throughout the country.
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While there are undoubtedly other intangible results in the use of satisfactory boiler

water being supplied to locomotives, the main results as shown in this report will, to the

average operating man, show the benefits to be obtained when the water supplied is

suitable for locomotive boiler use. It is the hope of the Committee that it will be pos-

sible to compile a more definite savings statement during the coming year, but, in the

meantime, this report is offered as progress.

The President:—It will be so accepted. Is there any discussion of this report,

gentlemen?

Chairman R. C. Bardwell:—The final report on assignment (4)' Methods of malaria

control will be presented by the Sub-Committee Chairman, Mr. H. W. Van Hovenberg.

Mr. H. W. Van Hovenberg (St. Louis Southwestern) :—This report is given in Ap-

pendix C. It describes the seriousness of malaria fever among railroad employees and

dependents and the effect of this disease on railroad hospital records. It suggests an

arrangement for the application of malaria control on railways through existing engineer-

ing officers. It also calls attention to the rapid increase in the morbidity and mortality

rates in certain Southern states during the past year.

This report is presented as information.

The President:—Is there any discussion, gentlemen? The report will be received

as information.

Chairman R. C. Bardwell:—Your Committee desires to report progress on assign-

ment (S) Types of lime and soda ash equipment used in water treatment and recom-

mends that the subject be continued.

The final report on assignment (6) Design and maintenance of trackpans for

locomotive water supply will be presented by Mr. W. L. Curtiss, who prepared the mono-

graph on this subject as shown under Appendix D:

Mr. W. L. Curtiss (New York Central):—This report appears on page 140 of

Bulletin 370.

Several very interesting and comprehensive reports on trackpans are included in the

Proceedings of the American Railway Engineering Association, and the present report

lists them by volume and page numbers.

The report by the late George W. Vaughan in Vol. 14 presents an extensive descrip-

tion of the plans of standard trackpans and appurtenances on all railroads in the United

States having trackpans at that time, and some in England.

The report by W. B. McCaleb, Vol. 30, presents a description of late standard prac-

tice and conclusions arrived at from tests made on the Pennsylvania Railroad.

The present report is confined principally to a description of the three-week scoop-

ing test on the New York Central in 1928, one week on the line Buffalo and east, one

week west of Buffalo, and one week on the Michigan Central Railroad. Different types

of trackpans were in use at the three points. The object of the test was to determine

the best design, width, depth, location in relation to top of rail, and so forth, to deliver

the greatest possible volume of water in the tender tank with the highest efficiency.

When dealing with water only a few inches in depth, it is apparent that elaborate

preparation must be made for accurate measurements in order that results of the scooping

test may lead to definite conclusions. This report describes in detail the preparations

for this test as a basis for justifying the conclusions. As a result of the test, it was

concluded as follows:

"(1) That the top of the trackpan should be located 1-in. below the top of the

rail, the minimum necessary for all parts of the scoop mechanism to clear the pan.

"(2) That the highest scooping efficiency and the greatest practical delivery of

water into the tender are obtained when the top angles of the pan are placed inside
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and turned inward toward center line of pan, and the open width between these angles

is not more than 19-in., as this arrangement minimizes the loss of water by splashing.

"(3) That the amount of water delivered into the tender is independent of the

speed, and the efficiency is near the highest at speeds from 45 to 55 miles per hour.

"(4) That 8-in. is the desirable depth of pans. This is an increase over past

practice.

"(5) That the operating position of the scoop should be fixed at 6-in. below top

of rail.

"(6) That the speed restriction over trackpans should be 50 miles per hour."

The extensive reports made to the Association, as noted in the beginning of the

report, outline not only the principles of design but the development and practice on

the various railroads that have installed trackpans. With the conclusions formulated in

Mr. McCaleb's monograph and in this final report, the subject assigned to this Com-
mittee has been quite completely covered.

Therefore, in conclusion, it is recommended that this report be received as informa-

tion and the subject be discontinued.

The President:—Is there any discussion, gentlemen?

If not, the report will be received as information.

Chairman R. C. Bardwell:—The partial report under assignment (7) Methods for

analysis of chemicals used in water treatment, will be presented by the Chairman of the

Sub-Committee, Mr. R. M. Stimmel.

Mr. R. M. Stimmel (New York, Chicago & St. Louis):—The report of Sub-Com-

mittee (7) on Standard methods for the analyse? of chemicals used in water treatment,

is on page 145 of Bulletin 370. The method for the analysis of sulphate of iron is given.

A complete analysis of the chemical is not necessary, and the procedure given only covers

the determination of those constituents which are of value and are covered by specifica-

tions in the Manual. The method appears to be the shortest and most direct avail-

able. It is recommended that the method be adopted for inclusion in the Manual. I

so move.

Chairman R. C. Bardwell:—I second the motion.

The President:—It has been moved and seconded that this material be adopted for

inclusion in the Manual. Is there any discussion ?

You might read it by sub-headings, if you will, plea.se, to open it for discussion.

Mr. R. M. Stimmel:—"Sulphate of Iron, Determination of Insoluble Matter, De-

termination of Free Acid, Determination of Ferrous Sulphate."

The President:—If there is no discussion, those in favor signify by saying "aye";

opposed likewise. The motion is carried.

Chairman R. C. Bardwell:—We might mention in this connection that we have

standard methods for the analysis of lime, soda ash, and this report gives the analysis

for sulphate of iron. We still have to work up standard methods for sulphate of alumi-

num and salt. The Committee is working with similar committees of other technical

bodies, and we are endeavoring to so present the methods which are outlined in our

reports that they will coincide with the recommendations of the other technical bodies

of the country.

The progress report on assignment (8) Progress being made by Federal or State

authorities on regulations pertaining to railway sanitation, will be presented by the Sub-

Committee Chairman, Mr. A. B. Pierce.

Mr. A. B. Pierce (Southern) :—This report is found in Bulletin 370, page 146,

Progress being made by Federal or State authorities on regulations pertaining to railway

sanitation, collaborating with Joint Committee on Railway Sanitation.
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(Mr. Pierce read the report of the Sub-Committee found on page 146 of Bulle-

tin 370)

Mr. A. B. Pierce:—The report is submitted as information.

The President:—It will be so accepted.

Chairman R. C. Bardwell:—I might mention in this connection it is noted that a

proposed standard code for industrial sanitation entitled Z-4.1 sponsored by the US.

Public Health Service has been submitted to the American Standards Association for

approval as an American standard. The requirements under this proposed code are of

interest to railroads and engineering officers. The railroads have been represented on the

technical committee studying this code by Dr. Dovvdall, of the Medical and Surgical

Section. It is now being investigated by the Joint Committee on Railway Sanitation

on which your Association is represented.

The report on assignment (9) Disinfectants, fumigants and cleaning materials ap-

pears as Appendi.x G on page 147. In the absence of Mr. W. P. Hale, Chairman of this

Sub-Committee, who is largely responsible for a large amount of work in the study and

preparation of the report, I will endeavor to briefly outline a few of the facts that he

has called to my attention.

The preliminary report on the subject (page 640, Vol. 35 of the Proceedings) de-

scribed the general purposes of disinfection, fumigation, and deodorization and their

separate limitations. In the present report your Committee has sought to outline the

many problems which are common to the various railroads, indicate a basic require-

ment for a product suitable for each such problem, and outline instructions for its effi-

cient and economical usage.

Due to the voluminous proportions of any report which would have dealt in detail

concerning the myriad cleaning materials on the market, this portion of the subject has

been confined to only the basic requirements of the most common cleaning mediums.

Disinfectants and deodorants, next in importance, are handled under the one cap-

tion Disinfectants, with the distinction between them stressed, so that there will be no

confusion in the matter of choice when some specific work is contemplated. Disinfec-

tants are divided in the subject-matter into the four general classes to which they be-

long, namely: coal-tar products, pine-oil products, chlorine solutions, arid formalde-

hyde solutions. Basic requirements for these various products and choice for various

classes of disinfecting work is indicated.

It will be at once noted in the subject-matter that among the fumigants discu.^sed,

hydrocyanic-acid gas ranks first in importance. Due to the fact that this gas and other

gaseous cyanogen compounds, including cyanogen chloride, are distinct from all other

fumigants in general use, in the rapidity with which poisoning is induced, it has been

deemed advisable by your Committee to submit an amendment to the report as it now

stands in Bulletin 370.

I might say this matter was called to our attention by Dr. von Schrenk with the idea

that in handling such poisonous and toxic substances as cyanogen compounds, great

care should be used, and precautions should be stressed. With that in view, the Sub-

Committee has prepared this additional subject-matter in the report with the idea of

firmly impressing the danger which is connected with the application of this widely

used fumigant. Would it be all right to read this report?

The President:—Yes.

Chairman R. C. Bardwell:—The idea is to insert the following list of precautions

to be used in handling cyanide preparations just ahead of paragraph (A) Generation

Methods on page ISO.



Discussion Q35

"Hydrocyanic acid and other gaseous cyanogen compounds, including cyanogen

chloride, are distinct from all other fumigants in general use, in the rapidity with which

poisoning is induced.

"C. L. Williams, Surgeon, United States Public Health Service, in his estimable

pamphlet 'Fumigants" ably discusses this important fumigant as follows:

" 'A man walking into a concentration of 8 ounces or more per 1000 cubic feel and

breathing normally therein will become unconscious in 30 seconds and will be dead be-

yond hope of recovery in from 3 to 5 minutes. If he goes into the much lower concen-

tration of 2 ounces per 1000 cubic feet, used to kill rats, and breathes normally, he will

lose consciousness within a minute and will be dead within 10 minutes. If a person

rendered unconscious is brought at once into the open air before he stops breathing, he

will usually recover unaided and will suffer, as a rule, no serious after-effects. If he has

stopped breathing, artificial respiration must be instituted. If the heart is still beating,

his chances of recovery are good but the after-effects are more severe, as a rule, the

most important being weakness of the heart, which may persist for several months.

" 'HCN rapidly penetrates clothing and a person will at once feel a sensation of

warmth over the entire body upon entering the higher concentrations of the gas. This

warmth becomes more and more pronounced and the skin becomes noticeably reddened.

If this warning is disregarded, a feeling of weakness appears, followed by nausea and

vomiting and often by headache. A still more advanced sign of poisoning is difficulty

of breathing, the subject feeling as though giant hands were holding the chest and pre-

venting its expansion. This is the last warning, being the forerunner of loss of con-

sciousness and paralysis of the respiratory nerve center.

'' 'There is no known antidote for cyanogen, and so the only method of recovery

is to throw it off. Fortunately, it is given off by the lungs quite rapidly, though not as

rapidly as it is absorbed. Usually the ordinary methods of artificial respiration are

sufficient. If a mechanical respirator is used, it is essential that it be one that does

not cause rebreathing of the expired air, as it is obvious that if any of this cyanogen-

laden expired air is rebreathed, the patient is repoisoned by his own breath.

" 'A good gas mask protects completely against cyanide in the inspired air, at least

up to a concentration materially above that usually used in the fumigations of buildings

or ships; but to protect the surface of the entire body, a complete rubber suit would be

required. This is impractical for several reasons, one of which is that it would be most

uncomfortably hot on the inside.

" 'Any gas mask that uses charcoal as a filtering material will protect for a time

against cyanide gases. If only charcoal is present in the canister, it cannot be relied upon

for protection for longer than 10 or 15 minutes. Against the cyanides, far greater

protection is afforded by a canister containing an alkali such as sodium hydroxide. Gas

masks used in cyanide gases must fit closely to the face. This is essential in the pres-

ence of a substance that is poisonous in such small amounts. Leaks in the face-piece

or around the edges cannot be permitted. Most gas masks are made in different sizes,

commonly three sizes, so that it is usually necessary for each individual to learn which

size fits his face. The No. 2 size fits the average face. The life of the canister is limited.

Those designed for the cyanides will generally protect against the amounts used in

fumigation for from one to four hours of steady breathing. When the canister is be-

coming ineffective, breathing through it becomes much more difficult.

" 'Experienced fumigators can tell from the smell of the gas when a dangerous

amount is coming through; but the best procedure for the inexperienced person is

whenever there is any cause to suspect the reliability of the canister to get a new one.

After a canister has been used in cyanide, the next time it is used, a cyanide smell will

> "FumiKants"- Ri-priiu N'n. 147.? USPHS Reports, May. 1931.
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be noticed for a few breaths; but this should soon disappear. When one enters the

gas, a slight odor of cyanide generally comes through. This, too, should cease within two

or three minutes. If it persists or gets strong, the mask or the canister is leaking. In

the case of cyanogen chloride, determination of leaks is very easy ; if sufficient gas to be

dangerous comes through, the wearer will be practically blinded by the eye irritation.

If he can stand the irritation, then only very small amounts are getting through.'
"

Mr. Williams concludes his interesting discussion by stating that: "The dangers

of hydrocyanic acid gas fumigation have been somewhat stressed. In the hands of

the ignorant or careless, fumigation is a menace to all concerned. Hydrocyanic-acid gas

is a deadly gas. It is not, however, so deadly as popular belief would make it. A
single whiff will not kill you ; in fact, in the great majority of cases a good many whiffs

may be taken with safety. Yet, one unfamiliar with its effect should not needlessly

take any chances."

Two types of gas masks are ordinarily available from firms handling the cyanogen

fumigants. One type is equipped with a small canister attached directly to the face-

piece, especially designed for convenience, for small fumigations. The other type is

equipped with a large canister, which is carried at the side in a canvas case. A flexible

hose leads from the canister to the face-piece. The canister being larger, this mask

provides for greater safety on large fumigations. This latter type is approved by the

U.S. Bureau of Mines and is the type most generally used in industrial operations where

protection from fumes is necessary.

Bulletin No. 513 of the Department of Agriculture also gives considerable data on

HCN and lists the following precautions in its usage for fumigation:

Do not guess the amount of chemicals to be used or the cubic contents of the

building.

Do not leave the chemicals within the reach of those unacquainted with their

poisonous nature.

Do not allow the acid to splash or drop on the clothing or skin.

Do not attempt to fumigate a large building alone.

Do not fumigate a frame adjoining a dwelling without notifying the occupants

before fumigation and allowing them time to leave. Houses contiguous to fumigated

frames should be aired thoroughly before the occupants are allowed to re-enter. (This

should also cover duplex houses, apartments, and hotels, since there is danger of leak-

age up plumbing and air-shafts, and several persons have lost their lives in this way.)

Do not pour the water on the acid; pour the acid on the water instead.

Do not become negligent in any of these precautions ; to do so may cause serious

results.

Due to the special hazards resulting from fumigation with deadly gases, many mu-

nicipalities have passed ordinances which require a permit to pursue such fumigation,

and which specify certain precautions which must be followed. The National Fire

Protection Association has prepared a valuable pamphlet entitled "Model Fumigation

Ordinance," which is available at a price of ten cents a copy. On page 7 of this pamph-

let is noted an important precaution which should be followed by all fumigators whether

such an ordinance is in effect in that certain community or not. It reads as follows:

"Danger Signs: Prior to the fumigation, suitable warning signs shall be posted on

all doors or entrances to the premises to be fumigated and upon all gangplanks, lad-

ders, etc., from the dock, pier or land to the ship."

Such warning signs are ordinarily available free with purchases of fumigants from

dealers, and should be used in all fumigations.

I think that covers that part of the report, and it is submitted as information.
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The President:— Is there any discussion, pentlemen?

Dr. Hermann von Schrenlv (Consulting Timber Enjiineer):—I want to express

my appreciation to the Committee for adopting the suggestion I made with reference to

precautions to be used in the matter of hydrocyanic acid gas. That is such an extremely

valuable sub.'^tance in all types of fumigation that it has come to be very widely used

by the Federal Government, by state and local health authorities. They all, however,

stress the points which the Chairman has just introduced as a modification of the ma-
terial they had in their report. I called the attention of the Committee particularly to

the desirability of the railroads adopting some similar precautions, particularly in view

of the fact that they are public service institutions. The matter as it has been rewritten

now, I think, fully covers the point.

The President:—Is there any further discussion, gentlemen? If not, it is the un-

derstanding that this additional information will be inserted in the report as fubmitted,

just ahead of paragraph (A) on page 150. With this addition, the rcjxjrt will be ac-

cepted as information.

Chairman R. C. Bardwell:—Mr. W. A. Radspinner, Chairman of the Sub-Committee

in charge of assignments (10) and (11) has prepared a bibliography of information per-

taining to fire protection, inspection and insurance, which appears under Appendix H,

and also a valuable index report pertaining to railway fire protection, which covers sub-

jects which have appeared in the past twenty years, as given under Appendix I. I will

ask Mr. Radspinner to discu?s the important points in this report which is submitted

as information.

Mr. W. A. Radspinner (Chesapeake & Ohio):—If you will kindly refer to Bulletin

370, on page 154, under Appendix H you will find subject (10) Bibliography of subjects

pertaining to Fire Protection, Inspection and Insurance by recognized authorities. This

bibliography may be called an index of indices, the thought being, in giving the ad-

dresses of publishers, that more detailed information can be obtained from authoritative

sources, if desired.

To the list I would like to add a recent publication which contains some very valu-

able information: "F'ire Hazard Properties of Certain Flammable Liquid Gases in

Volatile Solids." This pamphlet gives some forty-two authoritative references, defini-

tions of terms, chemical formulae, flashpoint, ignition temperatures, explosive range, per

cent in air of upper and lower limit, and the vapor density of some 328 substances. It

is published by the National Fire Protection Association, 60 Batterymarch Street, Bos-

ton, Massachusetts.

I want to call attention to paragraph (17) on page 155. Professor Wallace has

been recently named Director of Equipment Research of the AAR. His book that is

referred to has been used frequently as evidence in suits against the railroads for dam-

ages by fire supposed to have been originated from a spark of a locomotive.

This report is submitted as information.

The President:—Is there any discussion? The report will be accepted as infor-

mation.

Mr. W. A. Radspinner:—If you will refer to Bulletin 370 on i)age 156, under .Ap-

pendix I, you will find subject (11) Review and Index Reports in past Proceedings and

also subject-matter in Manual pertaining to Railway Fire Protection.

It was found that most of the past references to fire protection were found in the

reports of Committee VI—^Buildings, and Committee XXIII—Shoi)s and Locomotive

Terminals. This index covers the last twenty years of Proceedings of these committees.

In some cases the subject has been carried along more than one year. For each ref-

erence you will lincl in the text that a certain design or practice has been recommended
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for fire protection purpose?. You will note on page 162 a list of references where the

National Board of Fire Underwriters' standards have been recommended, compliance with

which may result in reduced insurance premiums.

This is submitted as information.

The President:—The report will be so accepted.

The Committee has presented a very valuable report this year. It is excused with

the thanks and appreciation of the convention (Applause).

DISCUSSION ON UNIFORM GENERAL CONTRACT FORMS
(For Report, sec pp. 119-132)

Mr. F. L. Nicholson (Norfolk Southern) :—The report of Committee XX—Uniform

General Contract Forms will be found in Bulletin 370, page 119 to 132 inclusive.

On the first .subject, Revision of Manual, the Committee has no revisions to sug-

gest at this time.

Subject 2, Form of Conveyance of Title Granting the Right to Construct and

Maintain Air Right Buildings over Railway Property, will be found on page 120, Ap-

pendix A. This form is going to be presented to you in a complete form with the

recommendation that it be included in the Manual. Mr. R. P. Eubank, Chairman of

this Sub-Committee, will present the report.

Mr. R. P. Eubank (Chesapeake & Ohio) :—Form of Conveyance of Title Granting

the Right to Construct and Maintain Buildings Over Railway Property. Complete with

recommended conclusions for publication in the Manual. Do you wish me to read this

whole thing?

The President:—What would you suggest as the best method of presenting it?

Mr. R. P. Eubank:—I thought I would read it paragraph by paragraph.

"This Indenture, made this day of , 19. .
.

, by" and so forth.

"Witnesseth: That for and in consideration of the sum of Dollars

and so forth.

"(a) All the land, property and space at and above a horizontal plane feet

above Datum" and so forth.

"(b) Certain rights of support for structure as hereinafter set forth.

"The Grantor's premises as aforesaid, below elevation, not herein conveyed,

are hereinafter referred to as the 'ground space' and the term ' datum' wher-

ever used in this conveyance means the datum as now established by

"The said ground space may be occupied and used by the Grantor for the con-

struction, maintenance, use, operation and renewal of its railway tracks and facilities

as they now exist or may hereafter be constructed for the operation and use of engines,

trains, cars and other equipment, etc.

"The Grantor hereby further gives and grants to the Grantee, and to its successors

or assigns, the perpetual right to construct, install, maintain and renew within the

ground space, foundations, columns and bracing for the support of any buildings or

other structures," etc. (Then there is provision there to insert special grants of ease-

ments in the ground space for sewers, pipes, tunnels, as the particular grant justifies.)

"The Grantor hereby reserves to itself, and to its successors and assigns, the right,

without compensation to the Grantee, to attach wires, ducts, pipes, conduits and other

apparatus and equipment and their supports to the columns, etc.

"And the parties hereto, in consideration of the premises, and of the mutual cove-

nants herein contained, do further covenant and agree as follows:
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"(1) The Grantor covenants and agrees that it will, at the Grantee's sole expense,

make such changes in the location of its tracks and structures within the ground space"

and so forth.

"(2) The Grantee covenants and agrees:

"(a) That before erecting any buildings or other structures or foundations, col-

umns or bracing therefor in, over or upon the ground space, it will submit detailed

plans and specifications to the Chief Engineer of the Grantor, etc.

"(b) That in all its construction it will perform the work with the least possible

interference with the property of and the operations of the Grantor, etc.

"(c) That any buildings or other structures erected in, over or upon the ground

space shall be fireproof, etc.

"(d) That it will make no alterations or changes in said buildings or other struc-

tures, which will increase the loads carried by the supporting foundations, etc.

"(e) That it will not permit the loading of any of the floors of any buildings, etc.

"(f)- That it will provide, construct, operate and maintain, at its own cost and

expense, a system of ventilation for the purpose of exhausting smoke, etc.

"(g) That in the event of the use at any time, by the Grantor or other trans-

portation companies using its station, of electricity or any other means of motive power

for the running of locomotives, etc.

"(h) That it will keep the buildings or structures sufficiently covered by fire in-

surance, etc.

"(i) That it will indemnify and save harmless the Grantor from and against any

loss, damage, cost or expense by reason of the Grantee's failure in any respect to per-

form its covenants in this indenture, etc.

"(j) That it will indemnify and save harmless the Grantor from all claims for

property loss or damage, death or personal injur>' which may be sustained by the

Grantee, its agents, etc.

"(3) All general taxes levied and assessed against the ground space herein retained

and the land, property and space herein conveyed.

(Here insert a provision for distribution of aforesaid taxes.)

The Grantee covenants and agrees to pay all taxes and assessments, general and special,

of every kind and nature whatsoever levied upon any buildings or other structures at

any time placed by the Grantee upon the land, property and space herein conveyed.

"(4) All the covenants, conditions and undertakings herein shall inure to the

benefit of and be binding upon the legal representatives, successors and assigns of the

parties respectively, and shall be construed as covenants running with the land.

"In Witness Whereof, etc. (Then there are places for signatures.)

"Suggestions for Other Conditions That May Apply at Certain Localities"

1. The question of heating may come up and either company could put in a plant

and serve heat to the other.

2. The question of maintaining approaches and streets would really be a part of

the structure, but if there are any unusual approaches, there could be a clause added

to take care of this.

3. Water supply and sprinkling system would develop in some localities and not

in others. It might be well to consider which company should put in the system and

allow the other to use same.

4. There would be quite a number of conditions that may come up at one locality

that would not be essential at others. Therefore, it would not be advisable to put any

more conditions in the contract than would generally be used at various locations.
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5. The laws of different states var>' as to the granting clause, testimony clause,

signatures, witnesses, seals and acknowledgments; also tax laws. In all cases the inden-

ture should be modified to meet the requirements of the State law.

6. In cases where there are contracts with the Western Union or other companies,

there should be a clause added to protect the interests of those companies operating

under contract from the Railway. On page 124 there is a sketch.

I move that that be published in the Manual.

Chairman F. L. Nicholson:—I second the motion.

The President:—The motion is that the material that has just been read, including

the sketch on page 124, be adopted for printing in the Manual. Is there any discus-

sion? If not, those in favor signify by saying "aye"; opposed likewise. The motion is

carried.

Chairman F. L. Nicholson:—The next report is on Form of Agreement with Public

Authorities for Highway Grade Crossing Elimination or Separation.

Since the preparation of this form developments of considerable importance, bearing

on this subject, have transpired. The Committee would like, with the permission of the

Chair, to withdraw this part of their report, and the intention is to request that the

subject be continued.

The President:—Permission is granted.

Subject 4, Form of Agreement for Cab Stand Privileges. The Committee has pre-

pared a tentative form and given some study to this but the report is not ready for

presentation to the Association.

Subject 5, Form of Agreement for the Use of Railway Property by Pipe Lines,

with special reference to Pipe Lines carrying High Pressure Inflammable Oils and Gas.

This report will be found on page 129. It is to be recommended for inclusion in the

Manual. In the absence of Mr. A. A. Miller, Chairman of the Sub-Committee, the

report will be presented by Mr. J. S. Lillie.

Mr. J. S. Lillie (Grand Trunk Western):—As has just been stated, this form will

be found on page 129 of Bulletin 370.

This subject was first assigned to your Committee in 1931. Reports of the Com-

mittee since that time are found in Bulletins 340 of 1931; 349 of 1932; 360 of 1933;

and in the Proceedings of 1932, 1933 and 1934.

During the past several years your Committee has had conferences with the Cen-

tral Committee on Pipe Line Transportation of the American Petroleum Institute in an

attempt to draft a form of agreement that would be satisfactory to the American Petro-

leum Institute and your Committee. This now appears to be impossible of attainment.

Your Committee therefore submits a draft of the Form of Agreement which it rec-

ommends and asks that it be adopted and printed in the Manual.

(Mr. Lillie then read the Agreement contained on pages 129 to 131 of Bulletin 370.)

Mr. J. S. Lillie:—In paragraph 9, under sub-paragraph (a), there is a blank pro-

vided and the Committee had in mind that there should be a definite number, and

inadvertently we have a blank and thirty days, so I move to strike out "thirty days" and

leave a blank there. You can put in whatever might seem advisable. Also delete the

"six months" in sub-paragraph (b) of the same number, and "thirty days" in (c), so

there are three changes.

In behalf of the Chairman of this Sub-Committee, we present this as a recommended

form for publication in the Manual.

Chairman F. L. Nicholson:—I second the motion.

The President:—You have heard the motion and the second, that this be adopted

as revised by striking out in paragraph 9, (a) "thirty days" after the first blank, the
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"six months" after the blank in (b), and in (c) the "thirty days" after the blank. Is

there any discussion? If not, those in favor signify by saying "aye"; opposed likewise.

The motion is carried.

Chairman F. L. Nicholson:—Form of Agrtement for Store Door Delivery is simply

a progress report, and a statement concerning this may be found on page 131.

Subject 7, Form of Agreement for Rail-.\ir Service, Appendix E, on page 131. A

statement concerning this subject will be found on that page, and the Committee is

recommending that the subject be continued.

That completes our report.

The President:—It will be so accepted.

Gentlemen, that completes the report of this Committee. While their material may

at times seem dry, actually it is very valuable to the Engineer. It represents a large

amount of work, and I am only regretful that more have not been here to hear the

presentation for which wc thank the Committee. The Committee is excused (Applause).

DISCUSSION ON ELECTRICITY
(For Report, see pp. 381-582)

(Mr. R. P. Winton, Norfolk and Western, in the absence of the chairman and vice-

chairman, read the report of Committee XVIII—Electricity found on pages 381 and

382 of Bulletin 372).

Mr. R. P. Winton (Norfolk & Western):—This report is submitted as information.

The President:—Gentlemen, this is our liaison committee with the Electrical Sec-

tion. Their job is to keep us advised of the work of that Section, which they have done

admirably at this time.

The Committee on Electricity is excused with the thanks of the Association. It has

done a very fine job. This concludes our forenoon session. We shall reconvene at two

o'clock promptly, please.

DISCUSSION ON ECONOMICS OF RAILWAY OPERATION
(For Report, .see pp. 245-265)

Mr. J. E. Teal (Chesapeake & Ohio) :—The report of Committee XXI—Economics

of Railway Operation will be found on pages 245 to 265, inclusive, of Bulletin 372 for

December, 1934.

Substantial progress has been made in the study of all subjects, and reports have

been prepared covering subjects 2 and 5. Much time and energy was consumed in the

study of subject 1, Revision of Manual, and while progress may only be reported, it is

the opinion of your Committee that it will be able to report definite recommendati ns

during the coming year.

The report covering subject 2, Methods for obtaining a more intensive use of exist-

ing railway facilities, with particular reference to securing increased carrying capacity

will be found on page 246. Appendix B.

It will be explained by the Chairman of the Sub-Committee, Mr. M. F. Mannion,

that this report pertains to the subject of coordination of railway facilities, a subject

which has been given intensive consideration by the railways of the United States during

the past two years. At the close of Mr. Mannion's presentation, your Committee will
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welcome discussion and suggestions that will be helpful in pursuing this subject further.

Mr. Mannion.

Mr. M. F. Mannion (Bessemer & Lake Erie) :—The report of Sub-Committee 2 is

shown as Appendix B on pages 246 to 252 of Bulletin 372.

This year the Committee submits a report on the Coordination of FaciUties. The

report is based on a study made of the economies resulting from the use of 8.6 miles of

single track of one road for the handling of the traffic of another road in addition to its

own, resulting in the abandonment and removal of 8.6 miles of single track of the other

railroad. Each road owned and operated a single track railroad, at no point more than

200 feet apart. They determined that their requirements could be taken care of by

one single track railroad. Although the facilities involved are not large in the study

used in this report, the Committee feels it is a very good example of what can be ac-

complished when the parties involved find themselves in a position to share the costs and

realize the economies on a basis equitable to all concerned and mutually profitable.

Fig. 1 on page 248 shows the facilities before and after the coordination. On page

247 is listed the changes in facilities that were necessary, showing who made the changes

and how the expense of making the changes and future maintenance costs of same were

assigned.

Road A was selected for joint use because it had a better track, being laid with

90-lb. rail and ballasted with cinders. Road B's track was laid with 75-lb. and 8S-lb.

rail and had only local surfacing material for ballast.

There was only one station layout within the limits of the track jointly used. Road

B abandoned the use of its station building, and both roads now jointly use Road A's

station.

On page 249 the traffic of Road A and Road B for the years 1929 and 1932 is

shown. The total number of passenger trains was six per day, that is, for both roads.

The freight traffic was very light, being approximately three trains per day, both direc-

tions, for each road.

An agreement similar to standard joint facility contracts was made by and between

both roads, covering the taking up and removal of the main track and certain other

trackage of Road B. This agreement was subject to the approval of the Interstate

Commerce Commission and every other public body having jurisdiction in the premises.

Approval of the Interstate Commerce Commission was requested and granted.

A joint bulletin was issued covering operation of Road A and Road B trains over

the joint track. Operating rules of Road A apply to all trains using the joint track

and instructions and orders governing the movement of all trains are issued by the

Superintendent of Road A.

On page 250 is shown the estimated cost of effecting the coordination. The cost

to Road A was $2,282. Road B's outlay resulted in a net credit of $13,967, which was

the salvage recovered after deducting the total expenses of Road B, and the result of

the entire project was a credit of $11,685.

On page 250 is also shown the value of the property retired. Road A retired

$9,727 worth of property, and Road B $145,000, making a total retirement of $154,727.

At the bottom of page 250 and on page 251 is a statement of the estimated savings

effected by the coordination. The net saving to Road A was $5,428 and the net sav-

ing to Road B was $11,143, making a total net saving of $16,571 per year.

The above estimated costs and estimated savings were satisfactory to both roads

and they agreed to base the terms of the contract upon same. It was agreed that each

road should assume the cost of work as estimated and each should be entitled to one-

half the total estimated net savings or $8,285. To accomplish this. Road B was re-
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quired to pay Road A $8,285—$5,428, or S2.857 per annum. The above fmnir's were

based on 1932 traffic and operations.

The traffic for the several years between 1929 and 1932 was used to determine what

this payment would amount to per train mile. The figures are as follows: It is equiva-

lent to 30 cents per train mile in 1929, 34 cents in 1930, 54 cents in 1931, and 54 cents

in 1932, or an average of 40 cents per train mile, which show? the payment was not

exorbitant.

Th» contract further provides that it Road B's train miles in any year are in ex-

cess of 10,000, then Road B will pay to Road A thirty cents a train mile for all train

miles in excess of that number, which was actual cost in 1929 on approximately 10,000

train miles.

The payment of a fixed sum annually, one-twelfth of which is payable monthly,

eliminates the expense and work of preparing monthly bills on a proportional cost of

actual monthly expenditures. Bills prepared on such basis are frequently the cause of

much correspondence and irritation.

Many justifiable coordination projects may be abandoned on account of the parties

involved not being able to agree on the division of cost and savings. Any such division

must be equitable. Neither party should enter into the negotiations with the idea that

its road must benefit at the expense of the other, or obtain benefits which are not the

direct result of the coordination. The project selected for study in this report is a good

example of how costs and savings, no matter how involved, can be divided, when both

parties enter the negotiation with the idea of making such division on an equitable basis.

In the project studied the roads involved agreed on an equal division of the net

savings. Such division in all cases may or may not be considered equitable by the

parties involved. It should be borne in mind that no agreement of any kind, which is

entered into, is a good agreement unless it is good for each and all parties to the agree-

ment and any agreement which is not equitable in its benefits carries within itself the

seeds of ultimate dissolution.

On page 252 is a paragraph which explains the mortgage situation on Road B.

The conclusions of the report are as follows:

"Where the volume and distribution of traffic at certain locations or over certain

parallel sections of railroads is such that same can be economically handled over the

facilities of one road, coordination of the facilities should be considered."

The Committee recommends that this report be accepted as information.

The President:—Is there any discussion of this report?

Mr. Robert H. Ford (Rock Island):—The Committee has laid the foundation for

some excellent work and the fact that it will be carried in'to next year gives assurance

of the development of what might perhaps be termed fundamental or guiding princ'ples

for general application in such cases. An excellent opportunity will doubtless be found in

a study of the pending abandonment in part of the Minneapolis & St. Louis Railway

and the allocation of the remainder to other carriers.

It probably represents a somewhat clearer and possibly more represent; tive case

than the one taken by the Committee and its detailed study may modify some of the

conclusions advanced by the Committee.

Mr. J. E. Willoughby (Atlantic Coast Line):—The Committee does not seem to

have given very much consideration to the destruction of capital involved, $154,727. If

that capital represented bonded indebtedness, the railroads referred have not relieved

themselves from the service on that debt and they have not relieved themselves from

paying the principal on that debt. If the $154,727 represents capital, there is a definite
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diminution of the assets of the owners of the property. It seems to me the Committee
ought to give some consideration in its discussion to thi^ feature.

Mr. M. F. Mannion:—I think it would be well to read the paragraph on page 252

under the heading, "Mortgage Situation with Respect to Abandonment." I will read that

paragraph

:

"The coordination involved one of Road B's secondary lines, the mileage abandoned

was small, and the continuity of its service was not affected.

"Road B's mortgages contain a general covenant that the Company will diligently

preserve all rights and franchises and at all times maintain, preserve, and keep the prop-

erty subjected to the lien in good repair, working order, condition, etc. They also,

however, contain provision for releases from the mortgage under certain conditions,

and provide that property, other than sections of lines making up the 'main stem' of the

railroad may be abandoned when no longer required in operation and when such aban-

donment will not impair the value of the security of the lien, and where authority

is granted by regulatory bodies. In such event trustee shall give a release."

All of those conditions were fulfilled, in the opinion of the trustees of Road B,

before the abandonment was made.

Mr. J. E. Willoughby:—The Chairman does not answer the question as to what

was done with the capital invested. Under the Interstate Commerce Commission ac-

counting regulations. Road A charged to profit and loss $9,727 less what salvage might

have been recovered. Road B charged as profit and loss $145,000. If either of these

railroads in the future make improvement to property, that railroad will pay out these

sums of money that are charged to the capital account. The loss of property for which

securities were issued, whether the securities be stock or bonds, must necessarily be

borne by the companies. The mortgagee can very readily consent that his security is not

impaired but that does not pay off the mortgage. The mortgage did not return $145,000

to Road B.

Mr. Robert H. Ford (Rock Island):—Mr. Chairman, I concur in what Mr. Wi'-

loughby has said. While the case taken by the Committee probab'.y was the on'y one

then immediately available, nevertheless the subject is of such importance that I am
sure the Committee will feel the necessity of gathering ample material as a prelim'nary

to careful consideration of all aspects of such situations. I do not believe that these are

contained in the particular case examined. I believe, furthermore, that an entirely er-

roneous conclusion might be drawn from this "between-station" project.

There is an excellent opportunity for worth-while work on this assignment by the

Committee. We are breaking new ground, which is an added reason why representafivc

cases of different situations should be included in such studies for next year.

Mr. Geo. S. Fanning (Erie) :—I would like to ask Mr. Willoughby what he would

do if he tore down a roundhouse that he did not have any more use for.

Mr. J. E. Willoughby:—That would involve the diminution of capital to the extent

of the original cost. A charge to profit and loss means a lessening of the treasurer's

cash the first time an improvement is made elsewhere to the property.

Mr. Geo. S. Fanning:—Surely, and, as I see it, this is exactly the same situation.

Mr. J. E. Willoughby:—He charges the railroads a loss on its capital investment

of $154,727 by the transaction.

Mr. Geo. S. Fanning:—They may charge it to profit and loss, and the next time

they make an improvement, they offset it.

Mr. J. E. Willoughby:—When the treasurer asks for the bonds for a further im-

provement, he is told "Your expenditure is covered by this charge of $154,727 to the

profit and loss." The treasurer does not get any real money back.
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Mr. Geo. S. Fanning:—He gets it somewhere. He gets it out of the savings.

Mr. C. A. Wilson (Cincinnati Union Terminal) :—I do not suppose I ought to say

much about this survey, but it seems to me the Committee has picked out for this re-

port a case that is not very much in the public interest. We would like to have a case

covering the joint use of valuable properties, not ones that may be thrown away.

In such situations, the value of the senior occupant should be considered. The only

time that such consideration has been given was by a commission in the state of Wash-

ington about 1908, which was an appraisal, as I recollect, for purposes of taxation of

the railways in that state. As I remember that report, it gave a special value to the

owner of a strategic position, and any other carrier that shared in this privilege had to

pay for that special value. The Interstate Commerce Commission, as I understand it,

have denied all claims in their valuation for such value. Yet in all other business, such

value is acknowledged ; a man owns a corner for no other reason than that it is on that

corner and he is accorded that value when he tries to sell or a railway company appro-

priates. The owners of the railroads are private individuals, not the United States Gov-

ernment. If it did, that would be a different question.

But I would like to know whether these gentlemen have reported upon a case that

might be thrown away unless they joined them, or whether it might be of service in

considering bigger questions such as joining terminal facilities. This is one of the ques-

tions that interferes with such coordination, that is to say, to allow the carrier value for

his commanding position.

Mr. M. F. Mannion:—The purpose of this Committee is to study the economics

of railway operation. We are reporting on two railroads who had excess facilities. We
are pointing out to you that it is not economical to maintain and operate duplicate

facilities when the needs of both railroads can be taken care of on one set of facilities.

Primarily, the object of this Committee was to show the economies that would result

from the operation of a single track in place of two railroads.

Now you are raising a lot of questions as to value and what weight should be

given to the method of financing. The Committee had no intention of going into that

feature in this report. They selected an example which showed that two different

railroads, if they were willing to agree on savings and on costs, could get together and

take advantage of the savings brought about by the elimination of duplicate facilities.

Mr. J. E. Willoughby:—The Committee could have accomplished very well what

the Chairman has in mind simply by saying "the net savings, not including the service

and principal on the debt retired." Nobody will take any exception to such a state-

ment. What I am complaining about is that the Committee have not made a full

statement. They have made a statement showing operating expense saving of $16,571,

ignoring the service on the debt that was not retired and ignoring the principal on the

debt which was not retired, but which must be accounted for in the course of time.

Mr. M. F. Mannion:—I would like to state that the Committee took into con-

sideration every feature which the two roads involved took into consideration. The

roads themselves placed no value upon the feature that you brought out. The Com-

mittee did not see fit to do so. This agreement was arrived at between these two

roads by considering just what is shown in the report, and nothing else.

Mr. F. M. Patterson (Civil Engineer):— I think in a case of this kind, particularly,

that the capitalized value of the contract will take care of the point that Mr. Willoughby

raised. I think the savings of each road would more than pay the interest on the

bonded indebtedness occasioned by those improvements or the abandonment.
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The President:—Gentlemen, j'ou are aware that this is only a progress report from
this Sub-Committee. Is there any further discussion on it as a progress report? If not,

it will be accepted as such.

Chairman J. E. Teal:—I wish to thank the members of this Association for the

very interesting discussion in connection with the report that has just been presented

and I assure you that the work of the Committee will be benefited to a large extent.

The next report covers subject 5, Methods for determining most economical train

length, considering all factors entering into transportation costs, and will be found on

page 252, Appendix D. Mr. L. S. Rose, Chairman of the Sub-Committee, will present

the report. I also wish to say that this Committee desires full discussion of the report

which may be helpful in continuing the study of the subject. Mr. Rose.

Mr. L. S. Rose (Peoria & Eastern) :—This report, together with the report of the

Sub-Committee last year, provides tools for measuring the economical train length so

far as the power of the locomotive is concerned. Means were given for comparing steam

locomotives and oil-electric locomotives on the same basis. The method was simple,

easily applied, and I think worth-while and useful.

The report of this Committee has been worked out by Mr. E. E. Kimball. I am
going to change my written report, and I move that the report be accepted and pub-

lished in the Manual.

The President:—What portion of the report?

Mr. L. S. Rose:—The tables showing how to evaluate train length, in other words,

tonnage rating.

The President:—Will you specify the page and location in the Bulletin, please, so

we may have it ?

Mr. L. S. Rose:—My thought is the tables would be rewritten but contain absolute

information that is now shown in the report of last year where the grade of the rail-

road, the speed, the weight of the locomotive and the tonnage based upon the weight of

the locomotive would be specified for the economical gross ton miles per hour.

The President:—That is practically all of Appendix D.

Mr. L. S. Rose:—I cannot tell you that. The tables are principally set out in last

year's report. The information in this year's report is an example of how the thing is

worked out. This report does not take into account the cost of train wages.

The President:— I find it a little difficult, Mr. Rose, to place the matter before the

convention as Manual matter when it is presented as a progress report, and the part

you have suggested putting in the Manual is something, as I understand, that was in

the report last year which is not now before us for Manual action.

Mr. L. S. Rose:—^What I am trying to do is to get some discussion out of this

report. It is a mathematical 'question. Mr. Kimball worked out last year in tables

the different tonnage ratings for the different speeds and different grades, based upon the

maximum horsepower of the engine. This year he has given examples on how he

works it out, with some corrections.

My thought is that if we can get orders from the convention to place this in the

Manual, it will not be any different from what is published and in front of you. There

may be somebody here who will discuss it.

Mr. W. A. Radspinner (Chesapeake & Ohio):—The evolution of the formula for

determining the cylinder tractive power or force applied at the rim of the drivers has

followed somewhat in the path of the horsepower of the locomotive.

The old method of using 85 per cent of the boiler pressure has been made useless

by high pressure locomotives with smokebox throttles that produce mean effective pres-

sures on the cylinder heads that were never dreamed of when the old cylinder tractive

power formula was perfected.



Discussion 047

The proposed plan may be correct, but is too elaborate to be useful and inserted in

the Manual.

A man with a ver^' small pad of paper, a profile and locomotive diagram can figure

out the tonnage rating of any trains without very much trouble. If he tries to follow

this proposed formula, which seems to me has ever>thing in it including boxcar numbers

and the laws of probability and chance, he would have to have his hands on about five

different charts and about six different pages to get the tonnage rating on one engine

and on one grade.

Whenever a man gets a tonnage rating problem on a railroad, he has a certain type

of locomotive that he is going to use on that district, and he certainly does not need all

that information to get up tonnage figures on that one locomotive.

I think we have had enough experience in withdrawing locomotive data, due to the

changed type of locomotive, from the Manual. We should not put a lot more untried

information like that in it, which probably nobody will ever use. Whenever you get a

problem of that kind it is usually an individual problem, and it does not take a whole

lot of charts to work it out.

The President:—Mr. Rose, I am afraid the Chair will have to rule that we cannot

accept this at this time as a submission of material for the Manual.

In looking up last year's Proceedings, I find that last year's report, in so far as it

dealt with the matter you referred to, was submitted as a supplement to the 1933 report

on the capacity of steam locomotives. I will have to rule that this meeting cannot

consider for Manual presentation at this time matter presented last year as supplemen-

tary to something presented the year before, which is not now before us. Can you

attain the point by some other motion?

Mr. L. S. Rose:—I do not know. If there were another Radspinner here we might

get something out of him.

The Committee has presented this report three years. The report this year is not

much different from last year and the year before, and we have not had any reaction.

It is really necessary that the Committee hear something from somebody. We may be

going wrong, I do not know. I do not feel bad about your knocking out my motion

as long as I can talk a little here

Mr. L. J. Hughe; (Rock Island):— I do not want to try to criticize the report. I

am merely seeking information. I have tried to study the report. There are some

rather difficult parts. At the bottom of page 255 there is an equation, then is mentioned

maximum speed VI, and following the equation in which there is no explanation of the

quantities. I contend that the equation should be explained similarly to the equations

that are found on the bottom of page 256 and the top of page 257. If this were done,

it would probably be better understood by the ordinary man who tries to study a re-

port like this. I cannot determine what the letters represent and the quantity, VI, seems

obscure.

Mr. L. S. Rose:— I think that criticism is all right. You will have to refer to last

year's report and the one before.

I want to answer Mr. Radspinner, if I can. As a practical proposition I know
that you cannot rate your engines absolutely the same every day. You do not have

the business the same every day, but you can test what you are doing in this report

and see whether or not you are getting nearer the mark. This Committee does not

think it possible to write an absolute report for anything, but it does believe that this

formula and thi.~ method is a good test of whether or not you are hitting the ball with

the power you have and the business you have and how fast you have to go. The re-
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port will not pull a car, it cannot do it, but it will be a measuring stick to see whether

you are doing it rightly or wrongly.

I think Mr. Radspinner's criticism of the report is all right in that it might fool

practical fellows, and the table should be set up so the practical man can pick it off

easily.

Mr. W. A. Rad.-pinner:—If you were going to make a wholesale change in tonnage

ratings on a railroad you would very Hkely employ a dynamometer car. If you get a

drawbar horsepower curve from your dynamometer car, you figure any tonnage rating

you want.

Mr. L. S. Rose:—No, you cannot.

Mr. W. A. Radspinner:—You can; I have done it.

Mr. L. S. Rose:—No, you have not. You kidded yourself. A lot of us kid our-

selves.

The President:—Would it meet your requirements, Mr. Rose, to maintain this as a

progress report and to present it next year in form for inclusion in the Manual?
Mr. L. S. Rose:—If the Board tells us to do that, we will do it.

The President:—I do not think you require instructions from the Board, do you?
Mr. L. S. Rose:—Well, we are working under orders. We have been trying for

three years to get somebody to talk about this thing, and we have not done a very

good job.

The President:—I think under assignment 5 that is under discussion, the conclusion

of your work would be presentation of the material recommended for adoption and

inclusion in the Manual, that to be followed by releasing the subject, or otherwise ac-

cording to whether it was a final or partial report.

Mr. L. S. Rose:—All right. Whatever you say.

The President:—Is there any further discussion of this report, gentlemen? The

Committee is seeking discussion.

Mr. Edwin F. Wendt (Consulting Engineer) :—I would like to ask a question.

Would Mr. Rose be wilhng to explain to us the bill in Congress to limit the length of

freight trains and whether or not that bill is based upon this formula?

Mr. L. S. Rose:—Mr. President, he is an old friend of mine. That is all I am
going to say.

Mr. Edwin F. Wendt:—It is a good answer, Mr. Rose.

The President:—Is there any further discussion, gentlemen? If not, we will accept

this as a progress report and ask the Committee to submit it as Manual material next

year (Applause).

Chairman J. E. Teal:—In regard to Mr. Rose's report, I might say that these par-

ticular studies which have been presented the last two years, I believe embrace more

modern, more up-to-date information dealing with locomotive capacities than has ever

been placed before this Association. You will all remember that Committee XVI de-

veloped information of that nature quite a number of years ago. That data is all out

of date, and any person who uses it will not obtain correct results when applied to the

large amount of modern power in use to-day.

Further, I wish to say that substantial progress has been made in the studies of

subjects 3, 4, 6, 7, 8 and 9. Much credit is due to the Chairmen and other members of

those Sub-Committees for the work accomplished during the year.

Particularly with reference to subject 4, Analyses to determine when a railway or

branch line should be retired, I wish also to call your attention to the fact that that

subject was largely covered by a report of this Committee a number of years ago. The

report I have reference to will be found as Appendix F in Vol. 28, 1927. The assign-
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ment was entitled "Study the problem of branch line operation as affected by the intro-

duction of motor trucks and bus lines." For those who may be interested in studies of

this kind, and pending the time when this Committee may be able to report in greater

detail, I think it might be well to refer to that study. On page 535 the branch line

abandonment is dealt with, and on page 538 a study of the branch line operation is

covered; page 539, the form of report is discussed in great detail, and on page 540

reference is made to computations of net income or loss. That refers to Appendix A
which is found on page 55 1, and that Appendix covers several pages and I think gives

very clearly the method of arriving at the net profit or loss in connection with the

study of the branch line.

I just refer to this because it will be at least a year before this Committee will be

able to study and report on this assignment.

This concludes the report of Committee XXI.
The President:—Gentlemen, this Committee, as it has so frequently done in the

past, has presented another admirable report. They are giving it to us so fast and in

such concentrated form that I believe you are having difficulty in absorbing it, at

least we are not getting much discussion and the Committee is pleading for discussion.

I hope when they present their report next year you will be ready to either cheer

for it in discussion or shoot holes in it in discussion, so they will know where they stand.

The Committee on Economics of Railway Operation is excused with the thanks

of the Association (Applause).

Mr. Edwin F. Wendt—by letter (Consulting Engineer):—The report of the Com-
mittee is a valuable contribution to the science of railroad operation. I hope that the

time is not far distant when the Board of Direction will authorize the Committee to

consider the economics of the principal agencies of transportation including railways,

highways, waterways, and airways.

Macauley, the English historian, about 1830 wrote:

"Of all inventions, the alphabet and printing press excepted, those which abridge
distance have done most for the civilization of our species. Every improvement in the

means of locomotion benefits mankind morally and intellectually as well as materially,

and not only facilitates the interchange of the various productions of nature and of art,

but tends to remove national and provincial antipathies and to bind together all mem-
bers of the human family."

Green in his book "A History of the English People" records:

''Steam navigation shortened in the most astounding way the time required for

the transport of British goods to the remotest ends of the earth." Continuing on this

subject he observed that this improved method of transportation "made time a calculable

feature in commerce * * *" and that "freights could be estimated with an accuracy
and minuteness, hitherto impossible; orders could be executed at half their former
cost."

Transportation is the instrument by which freight is carried, human beings trans-

ported, services conveyed or intelligence transmitted. It includes the railway, roadway,

waterway, airway, telephone, telegraph, radio, wireless, television, and such other public

services as the furnishing of gas, electric power and water.

It seems to me that the Committee is well qualified to consider the economics of

transportation in all of its forms.
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(For Report, see pp. 343-374)

Mr. F. S. Schwinn (Missouri Pacific) :—The report of Committee XXII—Economics

of Railway Labor will be found in Bulletin 372, page 343.

Although only one of the subjects assigned to this Committee for the past year

has been completed, the Sub-Committees have undertaken a large amount of study and

research on all subjects. For subject 3, Economics of methods of weed killing, subject

5, Out-of-face renewal of track in view of the increasing life of the basic units of track

construction, and subject 7, Economics in track labor to be effected in the maintenance

of joints by welding and the use of reformed bars, your Committee presents very

brief statements of progress as given in Appendices C, E and F. We are unprepared to

make any report at this time on subject 6, Economics in labor to be effected through

increased capital expenditures.

Subject 1, Revision of Manual was undertaken by the Sub-Committee of which

Mr. Howson is Chairman. This constitutes a serious effort to completely revise the ma-

terial in this Committee's chapter of the Manual. I will ask that Mr. Howson please

present this report.

Mr. Elmer T. Howson (Railway Age) :—The Committee on Economics of Railway

Labor has been studying for some sixteen years various phases of the problem of recruit-

ing, training and employing engineering and maintenance of way forces most efficiently.

In concluding its studies of various phases of this subject which have been assigned to

it, it has drafted conclusions which have been approved for inclusion in the Manual.

These conclusions appear under some twenty headings.

Prepared over these many years by different sub-committees and approved by a

Committee of changing personnel, these various groups of conclusions or recommended

practice have been lacking in continuity and coherency and have been overlapping and

conflicting in some respects. In certain details they have also been made obsolete by

changing conditions. For these reasons, your Committee this year undertook to review

all of the material now in the Manual and to revise and coordinate it in order that it

may be made a coherent, up-to-date statement of those conclusions to which the Asso-

ciation has given approval to date. In its work this year, the Committee presents no new

material. Its recommendations are as follows:

1. That there be transferred to the Committee on Work Equipment

(a) that material relating to methods of maintaining motor cars, together with

Exhibit 2, appearing on pages 1467-8-9 of the last or 1929 edition of the Manual.

(b) the drawings of the standard axle and of the standard wheel tread and flange

for 16-in. and 20-in. wheels for maintenance motor cars, appearing on pages 87-88 of

the July, 1930, Supplement to the Manual.

I present the motion that these two groups of material be transferred to the Com-
mittee on Work Equipment.

Chairman F. S. Schwinn:—I second the motion.

The President:—You have heard the motion and the second. Is there any dis-

cussion ? Those in favor signify by saying "aye" ; opposed likewise. The motion is

carried.

Mr. Elmer T. Howson:—The Committee recommends:

2. That there be withdrawn from the Manual all that material describing in detail

methods for making time studies for the purpose of establishing units of measure of

work performed, beginning at the top of page 1446 and continuing to Exhibit A

—
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methods for making time studies—on page 1449 of the 1929 edition of the Manual (the

material beginning with Exhibit A on page 1449 and continuing through to and in-

cluding the first three paragraphs at the top of page 1456 having been withdrawn at

the 1933 convention).

I move the adoption of that recommendation.

Chairman F. S. Schwinn:—I second the motion.

(Second Vice-President A. R. Wilson assumed the chair.)

Vice-President A. R. Wilson:—You have heard the motion. Is there any discussion?

Those in favor say "aye"; opposed "no." The motion is carried.

Mr. Elmer T. Howson:—The Committee recommends:

3. That the following material now appearing in the Manual be withdrawn for

reasons given with each paragraph.

I move the withdrawal of the material under heading 3 on page 344.

Chairman F. S. Schwinn:—I second the motion.

Vice-President A. R. Wilson:-—Unless I hear an objection, we will consider the

motion passed.

Mr. Elmer T. Howson:—The Committee also recommends:

4. That the material remaining in the Manual under the classification Economics

of Railway Labor (other than that included under the headings (a) Programming of

Bridge and Building Work and (b) Revised Plans for Outfit Cars for Maintenance of

Way Department Employees, adopted at the 1934 convention and presented on pages

138-45 of the July, 1934, Supplement to the Manual) be adopted for inclusion in the

Manual as revised and re-assembled as follows:

The material that is included in that recommendation appears on pages 345, 346,

347 and the first paragraph on page 348. That is merely a restatement and re-assembling

of material now in the Manual and includes no material that has not heretofore been

accepted by the Association.

I move the adoption of this rearrangement and revision of this material.

Chairman F. S. Schwinn:—I second the motion.

Vice-President A. R. Wilson:—Is there any discussion? .\1I in favor of the motion

of rearranging the material as described on pages 345, 346, 347 and 348 will consent

by saying "aye"; contrary. The motion is passed.

Mr. Elmer T. Howson:—That concludes the presentation of the report of this Sub-

Committee.

Chairman F. S. Schwinn:—Subject 2, Analysis of operations of railways that have

made marked progress in the reduction of labor required in maintenance of way work

has been undertaken with a view to bringing up to date previous reports on this sub-

ject. In the absence of Mr. Parant, Chairman of the Sub-Committee, I will ask Mr.

O'Rourke to please present this report.

Mr. G. M. O'Rourke (IlHnois Central) :—The report of Sub-Committee 2, Analysis

of operations of railways that have made marked progress in reduction of labor required

in maintenance of way work, is found on page 348, Bulletin 372.

The Committee made its first trip over the Lehigh Valley Railroad in 1929, rci)orted

in the Proceedings of 1930 and 1932. A second inspection was made of the property

in 1933. This report carries forward the information of the prior report to and including

1933, or through a period of adverse railroad earnings.

As will be noted in Statement A, the ratio of man-hours for current repairs in

1933 to those of the test period shows a marked reduction even since 1929. Even with

this in view, the Committee on its last trip found the property in a condition prac-

tically the equal of that in 1929, wherein the expenditures for maintenance as shown
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on Chart 6, and added investment of roadway accounts shown on Chart 9, are materially

less during the past few years than prior. The Committee feels that conservative invest-

ments in heavy rail, fastenings, treated ties, ballast, drainage, permanent structures, and

so forth, over a period of years are reflecting themselves, and this, along with extensive

changes in method of perfoiTning maintenance work and careful consideration of the

reduction and use of the property has made it possible to normally maintain this prop-

erty with the expenditures made.

Your Committee recommends that the report be received as information and the

subject be continued for further studies on this and other railroads.

Vice-President A. R. Wilson:—Are there any suggestions to be made to the Sub-

Committee? If not, the report will be received as information.

Chairman F. S. Schwinn:—Subject 4, Gang organization and methods of perform-

ing the more common tasks of maintenance of way work has been studied from the

standpoint of track surfacing requirements in connection with tamping equipment. I will

ask Mr. Botts, Chairman of the Sub-Committee, to please present the report.

Mr. A. E. Botts (Chesapeake & Ohio) :—The report of Sub-Committee 4, Gang
organization and methods of performing the more common tasks of maintenance of

way work, begins on page 354 of Bulletin 372.

It is recognized by the Committee that economy and production in the more ex-

tensive maintenance of way operations are now influenced to some degree by mechani-

cal equipment in general, and specifically by that designed for certain given functions.

The further opinion of the Committee is that the development of highly specialized

equipment is progressing at such rate as to render impracticable the establishment of rigid

force organizations with recommendation for permanent use.

The number and complexity of maintenance of way tasks is so great that it was

considered expedient to concentrate on the more important operations singly.

The Committee accordingly selected the subject of track surfacing and presents

a report on gang organizations, comprised of from 52 to 142 men, based on the use of

pneumatic tamping equipment in crushed stone ballast. This report, which is the result

of a review of available time studies, together with practices in effect on various rail-

ways, and the work of previous committees, whose assignments were similar or related

to that of the current committee, also includes a brief consideration of certain factors

of essociated economics, operation, and retirement of mechanical equipment, all of

which, it is felt, forms an important adjunct to any treatment of the subject.

While the organizations are predicated on the basis of using pneumatic equipment,

electric power units can readily be substituted without materially changing the organi-

zation of forces. It is believed that these plans will serve as a basis from which a de-

sirable gang organization or series of organizations can be established, and that they

are sufficiently flexible to permit any local officer, in charge of the work, to make any

revision necessary to form practical working organizations for any particular surfacing

job.

In considering the proposed surfacing gangs two principles have been kept in mind,

namely, minimum production costs and adequate quality of work. Before the advent

of mechanical equipment the question of minimum production costs was principally a

problem of reducing the labor time losses, but since the extensive introduction of ma-

chines at least two other factors have arisen which exercise some control over efficient

output.

The first of these new factors is the problem raised by the investment in equip-

ment, a twofold problem, in that it consists of a consideration of interest and of depre-

ciation,
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The report is rather voluminous. I presume the members of the Association are

thoroughly familiar with the remainder of it. I will now read the conclusions arrived

at by your Committee:

"1. That since considerable savings have been realized by many railways through

carefully planning e.xpenditures for materials, it is reasonable to expect that still further

economies would result from careful analysis and planning of the use of labor, as ex-

penditures for the latter are greater than for the former.

''2. That the efficacy of any organization of forces for surfacing track requires:

(a) that a comprehensive program of the work be prepared in advance, and (b) coor-

dination between the agencies purchasing and using materials, in order that materials

will arrive as necessary.

"3. That the established schedules should be in such form as to readily permit

checking progress of the work at any time.

"4. That the person responsible for a given surfacing project should, with a per-

spective of final cost, use every means to determine the most economical method of

performing the several operations that make up the whole, and not necessarily employ

methods customarily used in performing the same operations individually.

"5. That a super\asor, or other local officer in charge of work, can, with exercise

of judgment as to any necessary adjustments, use the foregoing plans as bases for prac-

tical track surfacing gang organizations."

The report is offered as information with the recommendation that the subject be

re-assigned.

Vice-President A. R. Wilson:—There is considerable information presented in this

report to which the Chairman has called our attention in the conclusions. Are there

any suggestions or questions that the members desire to ask? If not, we will receive

the report as information.

Chairman F. S. Schwinn:—That completes the report of the Committee.

Vice-President A. R. Wilson:—This Committee has again submitted to you a report

of real value. We reheve them with our thanks for their good service this year (Ap-

plause) .

DISCUSSION ON ECONOMICS OF RAILWAY LOCATION
(For Report, see pp. 205-210)

Mr. F. R. Layng (Bessemer & Lake Erie):—The report will be found in Bulletin

371, page 205. The Committee reports on two subjects this year. The first subject is

under Appendix A on page 205 and concerns the subject, "The relative merits of ruling

grades lighter than 0.4 per cent, in light of modem operating requirements."

The Sub-Committee this year has given a resume of the preceding work of the

Committee, and on page 207 you will find the conclusions which I will read.

"(1) No definite formula can be given for the relative merits of a 0.4 per cent

ruling grade as compared with a 0.3 per cent grade. Each operating division is a sep-

arate problem to be analyzed on the conditions and traffic of the division.

"(2) The primary advantage of the lighter grades is the weight of trains which

can be handled.

"(3) While there may be a limit below which it is not economical to reduce grades

on account of starting resistance, the general opinion, based perhaps more on observa-

tion than on actual tests, seems to be that 0.2 per cent is that limit.

"(4) The average speed of trains over the road is one of the factors to which

weight must be given in any grade reduction study.
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"(5) Experience of a number of roads operating with ruling grades from 0.2 to

0.3 per cent shows favorable results.

"(6) A speed-time profile is recommended as the best method of comparing

speed, time and fuel consumption.

"(7) Deci.sion to adopt any ruling grade should be based on a careful survey of

present conditions, a forecast of future conditions and careful computations of the

cost and savings to be effected."

It is recommended that the report be accepted as information and the subject be

discontinued.

Vice-President A. R. Wilson:—Are there any comments? If not, the report will

be received as information and the Committee on Outline of Work will consider the

question of discontinuing the subject.

Chairman F. R. Layng:—On page 208, the second subject reported on is under

Appendix B, Relative merits of increasing tonnage by the reduction of ruling grades, or

by the introduction of locomotives with greater tractive power, with consideration of

momentum and equivalent virtual grades and the development of the locomotive booster.

Here again we have reviewed the previous work of the Committee and have reached

the following conclusions which are shown at the bottom of page 210:

"(1) It is impossible to formulate any general rule, which will accord a comparison

of the relative merits of the above methods of increasing tonnage.

"(2) In certain cases both methods may be resorted to simultaneously to ad-

vantage.

"(3) Decision to adopt either or both methods should be based on a careful survey

of present conditions, a forecast of future conditions, and careful computations of the

cost of installation and savings to be effected on each alternate plan. All the possible

factors listed in this report should be considered and their effects reflected in such state-

ments which should be reduced to an appropriate unit cost basis.

"(4) The relative ease of obtaining the necessary funds for heavier power under

the 'Equipment Trust' plan may be the deciding factor, although it has no bearing on the

relative merits from an engineering standpoint."

It is recommended that this report be accepted as information and the subject dis-

continued.

Vice-President A. R. Wilson:—Are there any comments? The Association will

accept the report as information.

Chairman F. R. Layng:—That is all we have to present.

Vice-President A. R. Wilson:—The Committee has presented considerable information

this year, and they are excused with the thanks of the Association (Applause).

DISCUSSION ON MAINTENANCE OF
WAY WORK EQUIPMENT

(For Report, see pp. 267-301)

Mr. C. R. Knowles (Illinois Central):—The report of the Committee on Mainte-

nance of Way Work Equipment appears on page 267 of Bulletin 372. The Committee

reports on developments in design of railway motor cars, the use and adaptability of

track type tractors in maintenance of way work, the use of ballast discers, and track

weldin.-^ equipment, including instructions for welding operators and methods for measur-

ing rail end battar.

Mr. Westcott, Vice-Chairman of the Committee, and Chairman of Sub-Committees

2 and 4, will present the report on standardization of parts and accessories for railway

maintenance motor cars and developments in design of railway motor cars.
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Mr. G. R. Westcott (Missouri Pacific):—We made an earnest effort during this

last year to bring together something for you in the matter of the "standardization of

motor car parts and accessories," the subject assigned to Sub-Committee 2, but we

regret to have to say that we have no data ready. I think perhaps another year will

enable us to give you a little different report.

We recommend, therefore, that the Committee be continued with the hope that

another year will bring better results.

The report of Sub-Committee 4, entitled "Developments in design of railway motor

ca-s," will be found in Bulletin 372 of December, 1934, page 268 and continuing through

to page 273. There was just a bit of uncertainty on the part of the Committee as to

what was wanted in this assignment. It could be treated from a number of different

standpoints; from purelj' the historical, or from the viewpoint of a learned discussion

of mechanical features. It did not seem probable that it was the intent of the Board

of Direction in making the assignment, that either of these or any other one feature,

perhaps, was just what was desired. You will find, then, in this neither a complete

history of the development nor any studied discussion of mechanical features. The
purpose is rather to show that, while the needs of the railroads have been the con-

trolling influence the progress that has been made in mechanical and metallurgical

lines have been additional factors leading up to the motor car as we have it to-day.

I will take just a moment to sketch briefly this report. There is a little more

than a page at the beginning that is largely historical. This continues to near the bot-

tom of page 269. Following this for another page, is a touch on the mechanical fea-

tures. Following, for approximately one-half page, that is, to near the middle of page

271, is a discussion of the safety features. The lower part of page 271 has to do with

the influence of the automotive industry and other mechanical developments on the

design of motor cars. On page 272, beginning a little down from the top, is a sug-

gestion of the future, not intended as a prophesy but just as a suggestion. You can

take it for what it is worth.

The conclusions will be found at the bottom of page 272 and are:

"1. All types of motor car? required by present day methods of maintenance are

now available.

"2. Future developments will probably be in refinements in construction rather than

in radical changes in design.

"3. In the future, closer cooperation than in the past may be expected between

maker and user.

"4. Should future changes in maintenance organization require cars of a type not

now available, this cooperation may be expected to produce the required car quickly."

This completes the report of Sub-Committee 4, and it is the recommendation of the

Committee that the subject be discontinued.

\'icc-President .\. R. Wilson:—To tho?e of us who are not particularly versed in the

design and building of motor cars, this would give us a clew as to what we might

expect.

Chairman C. R. Knowles:—The next report appears under Appendix C, Use and

adapt:ibility of track type tractors in maintenance of way work. This is a continuation

of the study that the Committee has had under way for the past three years.

Mr. Pittman, Chairman of the Sub-Committee, will present the report.

Mr. T. M. Pittman (Illinois Central):—The report of Sub-Committee 5 will be

found under .Appendix C, pages 273 to 276.

The 'general aspects of this subject were covered in the reports for the last two

years, 1933 and 1934. The report for this year contains a description of two addi-
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tional units, the electric welding machine and the cranes mounted on crawler treads.

The report is presented as information.

Vice-President A. R. Wilson:—The report will be accepted as such. Are there any

questions the convention wishes to ask this Committee?

Chairman C. R. Knowles:—The next report is that of the Sub-Committee on "Use

of ballast discers," which appears on page 276. This report deals with the various types

of machines classed as discers and differentiates between the large discers and the small

ones as well as discers equipped with scarifiers and bladers. The conclusions of the

Committee are as follows:

"1. Ballast discers of both the large and small type are used extensively in the

treatment of ballast shoulders.

"2. The smaller machines are particularly adapted to dirt, cinders and gravel

ballast for cutting sod line and light weeding.

"3. The large machines operate both discs and scarifiers for cleaning ballast and

removing mud pockets. The operation of the larger machines with discs is also more

satisfactory than the smaller machines in rock and slag ballast; or in gravel ballast

where large stones make it difficult to keep the discs down."

This report is offered as information.

Vice-President A. R. Wilson:—The report will be received as information.

(President Armstrong resumed the chair.)

Chairman C. R. Knowles:—The next report is on track welding equipment and

appears on page 278. This report has been developed after collaboration with Com-

mittee IV—Rail and appropriate committees of the Electrical Section. Information is

given as to the desirable characteristics of direct current welding, etc. Mr. Trissal,

Chairman of the Sub-Committee, will present the report.

Mr. J. M. Trissal (Illinois Central):—One of the important bits of information

given in this report is that regarding the desirable characteristics of direct current welding

generators. Particular attention is called to the fact that the report does not make any

reference as to how these characteristics may be obtained, as the various manufacturers

employ different methods in bringing them about.

What are considered desirable characteristics for gasohne prime movers for electric

welding equipment are also discussed very briefly.

Appendix F consists of a summary of the information which one particular railroad

gives to its welders. It defines all of the terms which are used in electric welding and

gives general instructions as to the maintenance of equipment and proper handling of

welding equipment.

Appendix G consists of two very interesting monographs on the development of pre-

cision instruments for measuring rail end batter. These instruments have been developed

after very careful study and the records obtained from them give a graphic represen-

tation of just what occurs during the course of rail end battering.

This report is submitted as information.

The President:—Is there any discussion of this report, gentlemen? If not, it will

be accepted as information.

Chairman C. R. Knowles:—That concludes our report.

The President:—Gentlemen, this is one of our younger committees. Again it has

done a lot of work. We look to them for a lot more work, and they are going to do it,

they are that kind of a committee.

This is the last report for this afternoon. The Committee is excused with the

thanks of the Association for the excellent work they have done during the past year

(Applause)



DISCUSSION ON COMPLETE ROADWAY AND
TRACK STRUCTURE

(For Report, see page 117)

Mr. John V. Neubert (New York Central) :—This report is contained in Bulletin

370, beginning on page 117.

(The Chairman read the report of the Committee contained on page 117 of Bulle-

tin 370.)

Chairman John V. Neubert:—We are more or less of a correlating committee.

This subject possibly is only an experiment in a way. It does not look very enlightening,

but I think it is like the engineer that puts figures together that are impossible and then

says, "Here is the answer." I think in due time and with patience that is what we are

going to do with this subject.

I wish to say that in the last year, since this assignment has been made, I have had

a number of people come to me and recommend that we use this construction or that

construction all through, and I told them that they must bear in mind that we have the

assignment of the Board, and all we do is to put together what the various committees

develop to make a complete unit or complete house. I do not think there is anything

more I can say, but if there are any questions that come up, I will be very glad to

answer them. If not, that completes our report.

The President:—This is a new Committee that is feeling its way and is seeking

help. I am sure it weuld appreciate any discussion of the report it has made, which in

a sense outhnes what it is setting up as a tentative program for its work. It is a very

essential work. The Committee will be glad to have any discussion in regard to the

matter submitted.

Mr. A. N. Reece (Kansas City Southern)':—Is it not desirable to study a section of

rail heavier than the 131 lb.?

Chairman John V. Neubert:—I think you would have to go to the Rail Committee,

because this is the section they gave us. We will make the studies that these com-

mittees give us.

I am glad you raised that question. I did not mean to be impertinent but we can

only deal with what they give us, because we have been called down several times on

that same thing.

The President:—Apparently you have no remarks on this. I as.sume that this tenta-

tive outline on which this Committee will proceed, meets with your approval. They

had a lot of hard work to frame a program that would be consistent and proper. Ap-

parently they have accomplished their purpose. They arc excused with the thanks of the

Association for their excellent start (Applause).

DISCUSSION ON STRESSES IN RAILROAD TRACK
(For Report, see page 243)

Dr. A. N. Talbot (University of Illinois) :—This report of progress, found on page

243 of Bulletin 371, is a brief statement of the lines of investigation taken up during

the past year. The work has not progressed far enough to permit making a report of

findings.

Reference is made in the report to one of the major activities of the year, a further

study of the design of the joint bar for rail-joints and the effect of changes in section

upon its properties and its value as a part of the joint, together with an examination
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of certain patent claims and their possible limitation on designing and their purpose as

expressed in the claims, as well as their valnr otherwise. Information useful in various

ways has been obtained.

The inspection tests of rail-joints in track made for the purpose of learning the

source of the wear of the joint bars and the rail, the places of wear, information bearing

on the mutual interaction of the worn bars and rail when under load and when the

bolts are newly tightened, and other information relating to the stability and mainte-

nance of the rail-joints have given desirable information. The occurrence of high

stresses in the unloaded worn joint bars in track due to the tightening of the bolts was

found to be as great as 30,000 and 40,000 lb. per sq. in. and in a few cases as high as

60,000 lb. per sq. in. The stresses were fairly proportional to the amount of the lateral

bending put into the bar by tightening the joints, measured from the loose condition.

The instruments designed and built to facilitate the measurement of profiles and

shapes and straightness of joint bars and rail and their position with respect to each

other in the joint have proved satisfactory. Although considerable work has been done,

the nature of the problem makes it necessary to collect a large amount of data before

making an analysis of findings.

The conference meeting of a sub-committee with the Committee on Locomotive

Construction of the Mechanical Division to consider the need of a comprehensive in-

vestigation on locomotive counterbalancing and other vertical and lateral forces of the

wheels of locomotives and cars applied to the track, as well as the resulting reactions

of track of different grades and conditions upon the roUing stock run over it, again

brought out the desirability of obtaining funds for an investigation of the inter-relation

of rolling stock and track. The presentation of the report of the joint conference com-

mittee is held awaiting a favorable opportunity for its presentation. It is hoped that

this matter will receive favorable consideration at a time not very far away.

The further study of the subject of counterbalance and the practice of railroads in

this matter and the opportunities for better counterbalancing the main driving wheel of

existing locomotives has been continued during the year.

Attention is also called here to the supplementary discussions which were printed

in the last volume of the Proceedings, given by the Chairman, covering a number of

topics which may be considered as a continuation of the Sixth Progress Report of the

Committee.

The President:—Is there any discussion on this report? It was my privilege the

other day, gentlemen, to catch Dr. Talbot in a confidential mood. He told me privately,

and I am going to make it public now, that something over twenty years ago he was

requested to take the Chairmanship of a Committee to Study Stresses in Railroad Track.

He expected that that study would take a year, possibly two years, under extraordinary

circumstances it might possibly take three years, but certainly not to exceed that. They

have been at work now since 1914 and have turned out a voluminous amount of highly

interesting and instructive information. The reports of this Committee have attracted

attention not only in the United States but abroad.

In excusing the Committee, I wish to compliment them on the work they have

done and are doing and will do while this Committee continues to exist.

We thank you. Dr. Talbot (Applause).
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(For Report, see pp. 519-553)

Mr. Earl Stimson (Baltimore & Ohio):—The Rail Committee's report will be louiui

in Bulletin .^7.^ beginning on page 519.

The iirst subject, Revision of Manual, will be presented by Mr. Blaes.s, the Chair-

man of the Sub-Committee that handled this subject.

Mr. A. F. Blaess (Illinois Central):—The report of the Sub-Committee will be

found on pages 520 and 526 of Bulletin 373.

Your Committee recommends the following revisions for publication in the Manual:

Revision of Form 402-C: Change heading to read "Association of American Rail-

roads." Change the words "Division IV—Engineering" in heading to read "Engineering."

As stated in the report, there seems to be no further necessity for separating fail-

ures in "A" and "B" rails from other rails of the ingot in the rail failure statistics, but

it is desirable to separate the transverse fissure failures from other types and since the

advent of detector cars to separate the detected failures from those found or occurring

in service. The form has been revised on this basis as shown in Exhibit A.

It is also necessary to make some changes in Form 402-C (a), which are the in-

structions governing the use of Form 402-C. These changes appear on page 521. Unless

you wish me to do so, I will not read them. I recommend the adoption of these changes

proposed in Form 402-C and 402-C (a), for printing in the Manual.

The President:—Do you make that as a motion?

Mr. A. F. Blaess:—Yes.

Chairman Earl Stimson:—I second the motion.

The President:—You have heard the motion and the second. Is there any dis-

cussion? If not, those in favor signify by the usual sign; opposed hkewise. The motion

is carried.

Mr. A. F. Blaess:—On page 522 is a reference to the revision of Form 402-A. This

is the form used by the foreman in making a report on rail failures. Your Committee

has done a good deal of work on this in the past two years, but due to the advent of

the detector car, deferred actual revision of it until last year as we had thought oper-

ation of the car might call for some special information to be included in the report.

Wc had intended to get the matter in shape to submit it with recommendation for

adoption but there were so many suggested changes, we can only report progress at this

time.

The President:—It will be so accepted.

Mr. A. F. Blaess:—Revision of Specifications for Quenched Carbon Steel and Alloy

Steel Track Bolts. We find as the result of a canvass many of the roads use A.S.T.M.

specifications while others are using A.R.E.A. specifications. Some have modified our

present specifications as they appear in the Manual. Therefore we have prepared a pro-

posed revision of these specifications and are also handling the matter with the A.S.T.M.

with the view, if possible, of harmonizing differences and getting a specification that

will be mutually acceptable both to A.R.E.A., A.S.T.M., and also to the manufacturers.

Wc therefore are presenting this report at this time as information and request

the members to familiarize themselves with the proposed specifications and give the

Committee handling this subject the benefit of their views, suggestions or criticisms,

so they may be gotten in shape and presented for adoption in another year.

The President:—Is there any discussion of this submission at this time, gentlemen?

ll not, it will be accepted as progress and information, with the request that you make

a point of submitting written discussion on the matter.
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Mr. A. F. Blaess:—That completes the report of the Sub-Ccmmittee.

Chairman Earl Stimson:—On page 526, Appendix B, is found a brief statement of

the status of the rail investigation work being carried on by the University of IlUnois

at their Engineering Experiment Station, on the joint account of the Association and
our partners of the Rail Manufacturers' Technical Committee. After the presentation

of this report, Dr. Moore will favor us with a more extended statement as to the

progress of the work and possibly some of the findings.

The next subject is on page 527, Appendix C, Rail Failure Statistics for 1933. The
report will be presented by Mr. Barnes, Engineer of Tests of the Rail Committee.

Mr. W. C. Barnes (A.R.E.A.) :—These statistics have been prepared in the usual

manner with one or two exceptions, which I will explain a little in detail. Changes

have been made in Fig. 3 and 4 and in the supporting table, which we have generally

called the mill rating table which show the rates of failure for the rolling of the vari-

ous mills and can be used for comparison.

In former reports each mill was rated on the average failure rate of its rollings

which had been in service for one to five years; that is, there was an average rate de-

veloped for five different consecutive years' rolling. It will be seen that, if an exces-

sive number of failures occurred, for example, in the rollings which had been in service

only one year, that mill's average rate for the five years' rollings would be lowered in

subsequent reports until that poor year's rollings disappeared from the record five years

later. That is, a very bad year at any miU would penalize its average rate for a long

period, even though its subsequent rollings were exceptionally good. To obviate this

difficulty, this year for the first time we have presented separate rates for each of the

five years' rollings taken into account. This makes it not quite so easy to size up the

mills because there are more factors to take into consideration, but I believe it gives a

fairer comparison.

The increased use of detector cars also introduced a disturbing factor in these com-

parisons, as some roads might use detector car service much more than other roads.

A very heavy failure rate might therefore be due in large part to detection; in other

cases it might be made up wholly of what might be called service failures. To over-

come this difficulty, we have shown separately in these charts the service failures and the

detected failures.

I think the rest of the report is self-explanatory, and these rail failure statistics for

1933 are submitted as information.

The President :^—No motion is required, Mr. Barnes. They will be received as in-

formation.

Is there any discussion, gentlemen? Proceed, Mr. Barnes.

Mr. W. C. Barnes:—The transverse fissure statistics are cumulative to December 31,

1933, and the grand total, cumulative total, now stands at 74,405 fissure failures, made

up of 62,696 service failures and 11,709 detected failures.

It is interesting to note in Fig. 1 and Table 1 that in 1933 (that is the last year

shown)' for the first time more fissured rails (4,661) were detected in track before service

failure could occur than actually failed in service (4463)

.

Mill rating charts in Fig. 2 and 3 are presented in revised form, showing the failure

rates for each mill, for each year's rollings separately, for service and detected failures in

the same manner as explained for the general rail failures. These statistics are sub-

mitted as information.

The President:—They will be so accepted. Is there any discussion, gentlemen?

Mr. W. C. Barnes:—On page 544 is a short, descriptive account of the AAR De-

tector Car. We are proud of the improvement that has been made in the service. The
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cars are now able to stand up without risk of derailing or brealcing down lor lack of

strength. The tow car is adequate for the service and has obviated a great deal of

difficulty we used to have when we had to depend on the leasing roads for tow cars.

We would have anywhere from one to five tow cars trying to pull the detector car and,

of course, they did not pull together. Now that difficulty has been overcome.

We can say that we have been operating for six years now and we have not been

idle a day for lack of business. Of course, we have had it in the shop for overhauls, re-

pairs, and things of that kind, but it has been in continuous service. In those six years we
have tested nearly 28,000 track miles of rail, or nearly 56,000 miles of rail.

The President:—This report will be received as information. Is there any discussion?

Chairman Earl Stimson:—We now come to a very interesting and highly contro-

versial subject, the economic value of different sizes of rail. This is found on page S4S,

.\ppendix F. The Committee has been handling this subject for a number of years

and has generally sidestepped the subject and reported only progress, but this year it

seemed desirable that we make a report and submit it as sort of a feeler to see if we
could not bring out some helpful discussion.

Mr. Farrin not only is Chairman of this Sub-Committee but is practically its only

working member. He will present the report, after which it is hoped that there will be

full discussion from the floor.

Mr. J. M. Farrin (Illinois Central):—The report of this Committee will be found on

page 545 of Bulletin 373.

The economic value of the various sizes of rail depends upon eight items as follows:

1. Weights of wheel loads to be carried.

2. Speed at which these loads are carried.

3. Number of wheel loads carried in a unit of time.

4. Life of rail in first location.

5. Interest on cost of rail and fastenings.

6. Labor maintaining.

7. Labor renewing rail.

8. Tie renewals caused by mechanical wear.

A study of these eight items develops that the effect of the first two depends upon

the character of traffic carried, whereas the effect of the remaining six depends upon

the amount of traffic. It is therefore apparent that items 1 and 2 being a function of

weight and speed are susceptible of mathematical analysis, while the remaining items be-

ing a function of the amount of traffic can only be solved by the practical experience

of the railroads. It is therefore logical to divide this study into two parts:

(a) Stresses in the different sizes of rails caused by typical engines running at

different speeds.

(b) Costs of owning and maintaining the different sizes of rails under varying

traffic densities.

(a) Stresses in Rails.—The traffic requirements of different railroads and also

divisions of the same railroad vary considerably and consequently weight of their motive

power and speed with which their trains move also varies. As motive power and speed

varies so much on different railroads it is not practical to compute stresses in the differ-

ent rails, it being considered best for each interested road to compute these stresses for

its own power and speed by the methods developed by the Special Committee on

Stresses in Track and published in Vol. 19, page 895, of the Association's Proceedings.

After this has been done and minimum weights determined which will meet require-

ments, economic size of rail can then be determined by methods proposed under "B"

—

Costs of Owning and Maintaining the Different Sizes of Rails Under Varying Traffic

Densities.
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(b) Costs of Owning and Maintaining the Different Sizes of Rails Under

Varying Traffic Densities.—In order that the different rails may be compared with

each other, it is necessary that their effect upon the entire structure be considered. For

the purpose of this study, it will be considered that the rails when placed are supported

on identical tie, ballast and roadbed conditions. This rail support is considered to be a

uniform, elastic support in the formulae developed by the Special Committee on Stresses

in Track and is represented by the modulus of elasticity of rail support termed U. For

a study of this kind it is necessary to determine average value of V of track being

considered and this average value is to be used in determining other values.

In making a study of information presented by the Special Committee on Stresses

in Track, it was found that resistance to depression of rail is given by a formula which

is given in their report, and by making substitutions as shown on page 547 of Bulle-

tin 373, this formula reduces to

4

i? = 208 VW
Exhibit I, page 548, Bulletin 373 is a graph of this formula from which the track

resistance to depression for any size rail and varying values of V may be determined.

It is recognized that the application of this theoretical formula to a group of wheel

loads as ordinarily spaced gives but little difference in track depression for different

weights of rail. The above comparison is considered to represent the value of girder

stiffness of the rail in overcoming variations in rail support rather than the relative de-

pression of the different rails for a uniform rail support.

Both the stiffness of the rail itself as indicated by its moment of inertia and the

stiffness of the combined rail and track structure as indicated by the track resistance R,

are of value in preventing and resisting the irregularities and variations in track. As yet

the Committee has been unable to put a money value on rail stiffness and therefore sub-

mits this as a progress report with recommendation that the subject be continued.

The President:—Gentlemen, this particular Sub-Committee has put in several years

"of work on this problem, which is an exceedingly difficult problem. As stated by the

Chairman, they wish discussion which will be helpful to them. They will be glad to

have discussion.

Mr. L. J. Hughes (Rock Island):—I have studied this report with considerable in-

terest and I believe that information of value is being developed. The report has con-

vinced me that some ideas I have had about weight of rail are correct, but up to the

time of the publication of this report, I could never exactly tell why, or give a mathe-

matical proof of the same. Now I note that the Committee states that as yet they

have not been able to put a money value on rail stiffness. But in studying over this

report, it occurred to me that if they could express the moment of inertia in relative

value and track resistance in relative value, they could do the same thing with weight of

rail. The cost of rail, of course, is directly proportional to its weight. Therefore, in

the tabulation on the bottom of page 546 I would assign relative values to the weight of

rail similarly as for moment of inertia. For 8S-lb. rail, value 1.0, unit value; for 90-lb.

rail a value 1.05; 100-lb. rail is 1.17; 110-lb., 1.30; 112-lb., 1.31; 131-lb., 1.54, and lS2-lb.,

1.80.

It has been pointed out by the Committee, very clearly, that when they come to

apply values in the formula for track resistance an increase of the moment of inertia

does not greatly increase track resistance. The track resistance as expressed relatively

only increases 40 per cent for the 152-lb. rail over the 8S-lb. rail.

Taking 85-lb. rail as a unit value 1, for one dollar's worth of rail you get one dol-

lar's worth of track resistance. If you should select 110-lb. rail for $1.30, you would
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get $1.14 worth of track resistance, and if you want to go higher in your expenditures,

for $1.80 worth of lS2-lb. rail you only get $1.40 worth of track resistance.

I have been wondering for some time if we have not been going to too heavy

weight of rail for the purpose that we want it to serve. Does not the application of this

formula point out that if track resistance is the ultimate result desired, we should secure

track resistance by some other means rather than by increase in the weight of rail?

For instance, better type of fastenings, better type of joints, better ballast, better general

maintenance conditions. Certainly- when the stiffness of the rail does not tend to greatly

increase track resistance, then we ought to strive to secure that track resistance by the

most economical means.

I was surprised when I ran across this report to find, apparently, a mathematical

support of my own ideas. I think the Committee has done very well to bring out this

report, and I am sure that further study will produce results.

The President:—That is the kind of discussion we want, calling attention to fea-

tures in this report that will be a guide for the Committee in further investigations and

directing our individual attention to various points.

Mr. W. C. Barrett (Lehigh Valley) :—We went to 136-lb. rail from 100-lb. about

as soon as any railroad. We soon found that we actually had to buy fewer tons of

136-lb. rail to keep our railroad in even better shape than before, than we usually bought

of 100-lb. rail. We had to do less maintenance work. We think there is real value

and actual saving in money in the use of the heavier rail. Our rail is 7 in. high, which

makes it a stiff girder rail and because of our experience with this rail we believe there

is an actual money saving in the use of the big rail.

The President:—There are two points of difference. The Committee will have to

consider the uniformity of each other. Is there any further discussion?

Dr. A. N. Talbot (University of Illinois) :—I have not had the opportunity to read

the report on "Economic Value of Different Sizes of Rail" in its present form. I am,

however, surprised that the financial value of an increase in weight of rail is still based

upon the amount of rail depression produced by a single wheel load. It is obvious

that depressions in track are made entirely by groups of wheels of the locomotives and

cars, which produce rail depressions unlike those of single wheel loads. No effort has

been made in the report to connect the effect of single wheel loads with the action of

track under traffic.

In the Sixth Progress Report of the Committee on Stresses in Railroad Track it

was shown that for the ordinary locomotive and for coupled cars the stiffness of the

rail has little effect upon the distribution of pressure along the track or upon the magni-

tude of the depression of the rail at and between the wheel loads. It is clearly brought

out that the weight and stiffness of the rail bears little relation quantitatively to the ver-

tical depression given to the track under the loads of the locomotive and cars. To con-

nect the value of an increased section of rail (either financially or physically) directly

with the change in rail depression given by a single wheel load, as is done in connection

with the formulas and table on page 547 of Bulletin 373, is in my opinion illogical and

misleading. To base the usefulness of a heavier rail on such a fallacy should not have

the approval of railway men. To argue from the formula used that the relative value

of the heavy rail is 40 per cent greater than the light one is not sound theoretically

or practically. Such reasoning is what throws disrepute on theory, and Engineers

should not countenance it.

Doubtless the heavy rail has many advantages both qualitatively and quantitatively.

The greater stiffness has a value in spanning irregularities in track and in resisting twist-

ing and in helping to give better bearing on the tics and in resisting the exceptional loads
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and stresses, and in other ways there must be a value inherent in the heavier rail. In

some respects the value of the increased stiffness will vary directly with the moment of

inertia rather than with its fourth root. The effect on stress to resist a given moment
has another relationship. These go to show the indefiniteness and uncertainty of the

relation between size of rail and economic value. In any event the relation of the ad-

vantages to any formula should be shown before basing the value in a direct proportion

to the results of a formula. Better a good guess of one with experienced judgment than

the acceptance of unrelated theory.

Besides, while the merits of size of rail are being discussed, would it not be well

to consider at the same time the improvement of the substructure (the ties and ballast

and fastenings) and the need and the means of securing a better foundation and far

less variation in bearing from tie to tie and from point to point than is found in much
of present-day track? Surely the improvement of the substructure should be considered

concurrently with the size of the rail; the interrelation of rail and supports is such

that the advantage of either is dependent upon the other.

The Committee is to be commended for its efforts to evaluate size of rail. I sin-

cerely trust the quest on the "economic value of different sizes of rail" will be continued,

and I wish them success in their endeavor.

Mr. J. B. Kelly (Soo Line):—It is my understanding that the report deals with the

maintenance of the entire structure, but there is a point in connection with arriving

at the value of heavier weight rail that should be cleared up before determination, and

that is rail breakage caused by impact due to balancing of steam locomotive drivers, in-

cluding tires out of circumference.

By a closer coordination with the Mechanical Division there is no doubt but what

relief may be had by minimizing the vertical blow of drivers and thereby save the

fracture of thousands of rails, many of which show old flaws running longitudinally in

line with one side of the web, indicating a force tending to drive the web through the

base and it seems more pronounced in the heavier rail sections than in the lighter and

more flexible rails and therefore would hold the heavy rail at a disadvantage.

According to a previous report here to-day, it seems that progress in Dr. Talbot's

work of locomotive driver impact is at a standstill for lack of funds. Conclusions in

this urgent matter are not only most important as concerns fracture of rails in track

but also as a factor in prescribing the maximum weight of rail for certain class service,

and I think that Dr. Talbot's Committee should be encouraged by an appropriation that

will enable it to complete the work as quickly as possible.

Mr. J. C. Irwin (Boston & Albany):—At this time I would like to emphasize what

Mr. Kelk' said. We realize the committees reach a limit in regard to the theoretical

study of some of these problems, and I think we should encourage them even more than

we have, to ask for money for field investigations and field test. That we have had up

with Dr. Talbot during the past year, and we have brought up the necessity of his

further cooperation with the committee of the Mechanical Division. We formerly had a

joint committee. That work should be revived. At the same time, we should not be

backward in asking for what money is necessary to supplement the work of our com-

mittees in order to arrive at the proper tests, to see exactly what does happen, par-

ticularly, as Mr. Kelly said, under various kinds of counterbalancing and with different

speeds.

The President:—Is there any further discussion, gentlemen? This is a very impor-

tant matter.

Mr. F. M. Patterson (Civil Engineer) :—It seems to me that Mr. Irwin's suggestion

is very good, but it might also include operation of electrified sections of track to com-
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pare with those operated under steam. In that way there could be a yardstick for the

effect of counterbalancing of the locomotive as distinguished from the wheel loading

itself, that is, the ordinary loaded wheel load.

Mr. J. M. Farrin:—This problem is just simply this: You have a railroad track

made up, say, of 12 inches of ballast, 6 by 8 ties, and 3,000 ties to the mile. You have

a certain traffic. You come along and want to change the weight of the rail, 90-lb., to

some other weight. Say you change to 131-lb. How much are you going to save in

money by the change? It involves saving in maintenance and additional life of rail.

That is just about all there is to the problem, but it seems that we are having difficulty

in arriving at some formula that will give a measure of the saving that can be effected

and it is this saving that we would like to have you give us information about. If any
railroads have made such changes as mentioned above during the last few years, they

ought to be able to work out what their saving has been.

We have been able to arrive at a formula that will apply fairly well between cer-

tain weights of rail, but when you extend on to the higher weights of rails, it does not

seem to fit very well. Costs do not vary as a straight line, but probably vary in some

sort of a curve. The shape of this curve has not yet been worked out, but it appears

to me that there should be enough information among the different railroads so that

information could be gotten together and correlated and some sort of relation worked

out.

The President:—Gentlemen, this Committee is absorbing your discussion and I am
sure will take full cognizance of it in their deliberations during the coming year. I am
sure they will appreciate having any detailed information that any railroad can give

them, and I hope that you will submit such information to them for their assistance,

if you can develop it any time during the coming year. The report will be accepted as

a progress report.

Chairman Earl Stimson:—The report of the Sub-Committee on rail lengths in excess

of 39 feet which is found on page 549 as Appendix G will be presented by Mr. Scholes,

Chairman of the Sub-Committee.

Mr. R. T. Scholes (Burlington) :^—This report on subject 6, Rail lengths in excess

of 39 feet, will be found on page 549 of Bulletin 373.

The Committee in its further study of this subject, has found it to be extremely

complex, involving as it does consideration of the economic advantages and disadvan-

tages of different standard lengths of rail, the actual experience and results obtained both

in the United States and Canada, also in Europe and other parts of the world, with

rails longer than those now in general use in this country.

The question of mill conditions, manufacturing difficulties, cost, loading on cars and

transportation, also the difficulty of establishing a common standard length which will

hold good for a long term of years so that the steel companies could plan ahead and

adjust their plant facilities to the changed conditions, with some a.ssurance that the new
standard would remain fixed over a period of years, are all involved in the study.

The Committee is actively engaged in securing extensive detailed information as to

experience obtained here and abroad with long length rails but this has not yet developed

to a point where it is possible to reach definite conclusions.

The Committee reports progress and recommends that the subject be continued.

The Committee merely presents this as information.

The President:—Gentlemen, is there discussion of this report? If not, it will be

accepted as progress and information.

Chairman Earl Stimson:—The next subject is that of the design of rail-joints.

The Committee, headed by Mr. Willoughby, made an extensive study of the design of
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rail-joints for 90- and 100-lb. rail. Their work, however, wa^ not mmpleted in time to

make a report this year.

The design of a rail-joint for 131-lb. RE rail is a hangover from last year. It was
acted upon by the Committee as a whole and therefore the report will be submitted by
the Chairman of the Committee.

In the study of joint bar design the Committee has been largely guided by the re-

sults of the work of the Committee on Stresses in Railroad Track on this subject, as re-

ported on in the Fifth and Sixth Progress Reports of that Committee.

These reports indicate the symmetrical type of joint bar as best meeting the require-

ments of a rail-joint bar. On page 262, Bulletin 358, Sixth Progress Report, this state-

ment is made: "When the bar is symmetrical with respect to the horizontal geometric

axis, the application of a vertical bending moment results in a vertical deflection and the

stresses are proportional to the vertical distance from this axis, even without lateral re-

straint, except for any twist that may be given from the bearing loads and reactions of

the bar not being in the same plane. Symmetry of section is thus advantageous in pro-

moting efficiency in flexural resistance, in avoiding lateral deflection from vertical loads,

and in obviating the need for more than moderate bolt tension."

Study section "G" for the 131-lb. rail, described in the Sixth Progress Report", was

accepted by the Committee as the ideal section. It was found that some features of this

"G" section conflict with certain patent claims. This section has been modified so as to

avoid conflict with any patent claims and at the same time keep the amount of dissym-

metry within the limit that may be included in the term "symmetrical type bar".

The Sixth Progress Report, Bulletin 358, page 263, gives this limit as "a dissym-

metry that requires the application of a lateral restraining moment equal to one-tenth

of the applied vertical moment to maintain the neutral axis in a horizontal position may

nat be considered objection."

The design of joint bar submitted herewith fulfills these conditions, and is represen-

tative of the type bar the Committee recommends. It is of the same general design as

the 112-lb. joint bar section adopted last year by the Association.

Both the Eastern and the Western Railroad Associations have rendered opinions that

this joint bar section does not infringe any known patent.

The Committee is indebted to Dr. A. N. Talbot and Mr. F. S. Hewes, who is a

member of the Rail Committee, for the large amount of work they have done for the

Committee in the development of this section.

It is recommended that the joint bar section for the 131-lb. rail, herewith presented,

be adopted and published in the Manual. I so move.

Mr. W. C. Barnes:—I second the motion.

The President:—It has been moved and seconded that the joint bar section for the

131-lb. rail herewith presented be adopted and pubhshed in the Manual. Is there any

discussion on this, gentlemen? Your Committee has done a yeoman job on this and has

turned out something that it beheves is worthy of adoption. If there is no discussion,

those in favor say "aye" ; opposed likewise. The motion is carried.

Chairman Earl Stimson:—The Sub-Committee, under Mr. J. C. Patterson, at the

request of the Committee, outlined a method of conducting service tests of various types

of joint bars which will be carried out this year. An outline of this method of con-

ducting tests is given in the report as information.

The President:—It will be so accepted. Is there any discussion, gentlemen?

Chairman Earl Stimson:—This concludes the Committee's report. We will now hear

from Dr. Moore as to the work he has been doing the past year at the University of

Illinois on the rails investigation work.

(See pp. 106.5-1090 for Dr. Moore's paper.)
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The President:—Gentlemen, the Rail Committee is excused with the thanks of the

Association for its excellent work (Applause)

.

Mr. E. E. R. Tratman (Civil Engineer—by letter) :—Since railroad track is designed

and built to carry certain loads—in the same way as bridges and buildings are designed

—it is manifestly important that the relations of the loads to the structure should be

definite and should be maintained within proper limits. The reports of Dr. Talbot, the

Rail Committee, and the Track Committee all indicate that more attention is to be

given to the conditions and effects of loads upon the track structure as a unit, as well

as upon its individual parts, such as the rails, joints and ties.

These reports serve to remind me that some forty years ago I addressed the New
York Railroad Club on the relations between the track structure and the traffic which

it carries. It was shown, among other things, that locomotives with the heaviest axle

loads were operated over track of various degrees of excellence and various weights of

rails. These conditions probably exist even to-day, to some extent.

As to the effect of locomotive counterbalancing on the track, the damage to rails

from bad counterbalancing is much less than it used to be. But with some of the 4-8-4

engines now used on high-speed trains, even a casual glance at the mass and weight

of the big ends of the connecting rods will give an idea of the enormous dynamic effects

of such engines if the counterbalancing is irregular. It has been shown at different times

that on many locomotives in service the counterbalancing and the distribution of weights

on the driving axles differ materially from the designed conditions. For such reasons,

it is of great importance that the .'\ssociation's committees are taking up the matter of

the locomotive and traffic in relation to the rail and track structure.

There is another aspect, which is suggested by the revised tables for superelevation

on curves, as submitted by the Committee on Track. That is, that if trains of very high

speeds become frequent, as seems to be probable, it will be of the utmost importance

to obtain and maintain a "sandpapered" finish of track in regard to line and surface

on tangents and curves, and especially in the superelevation on curves. Slight departures

from the prescribed elevation on curves are less serious than irregularity in the amount

of elevation at different parts of a curve. All of which means that for safe and eco-

nomic railway operation the track must be built and maintained with due regard to

the service conditions of the traffic.

DISCUSSION ON TRACK
(For Report, see pp. 555-578)

Mr. C. J. Geyer (Chesapeake & Ohio):—The report of the Committee on Track

will be found in Bulletin 373, beginning on page SSS. The first subject is Revision of

Manual under Appendix .\-l and A-2.

The Committee recommends that the following plans, temporarily withdrawn in

March, 1934, from the Book of Trackwork Plans, be now permanently withdrawn:

Plans Nos. 801, 802, 803, 804, 851, 852, 853, 854, 890, 951, 952, 954, and 955; substitute

plans, bearing different numbers, of Double Slip Switches and Movable Point Cross-

ings, are presented in Appendix D.

I make that as a motion, covering the withdrawal of those plans.

Mr. W. G. Am (Illinois Central):—I second the motion.

The President:—You have heard the motion and the second. Is there any dis-

cussion? Those in favor signify by saying "aye"; opposed likewise. The motion is

carried.
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Chairman C. J. Geyer:—That Plan No. 240, adopted March, 1929, revised March,

1934, be revised by the substitution of a new plan, presented herewith, of the same num-

ber, dated March, 193S. The last revision consists of the addition of a drawing of an

adjustible rail brace that corresponds with the written specifications on the original plan.

I so move.

Mr. W. G. Arn:—I second the motion.

The President:—You have heard the motion and the second. Is there any discus-

sion ? Those in favor signify by saying "aye" ; opposed likewise. The motion is carried.

Chairman C. J. Geyer:—That Plans Nos. 760 and 761, adopted March, 1922, revised

March, 1934, be revised by the substitution of new plans, presented herewith, of the

same numbers, dated March, 1935. The last revision consists of the interchange of the

graphic portion now appearing on the two plans. I so move.

Mr. W. G. Arn:—I second the motion.

The President:—You have heard the motion and the second. Is there any dis-

cussion? Those in favor signify by saying "aye"; opposed likewise. The motion is

carried.

Chairman C. J. Geyer:—That the Definitions of Switch, Frog, Guard Rail, Cross-

ing and Turnout terms, adopted as Appendix C, March, 1924 and temporarily with-

drawn as Appendix B, March, 1934, be permanently withdrawn and Appendix B, March,

1935, presented herewith, be substituted therefor. I so move.

Mr. W. G. Arn:—I second the motion.

The President:—You have heard the motion and the second. Is there any dis-

cussion? Those in favor signify by saying "aye"; opposed likewise. The motion is

carried.

Chairman C. J. Geyer:—That the Index, adopted March, 1934, be revised by the

substitution of new Index, dated March, 1935, and presented herewith. I so move.

Mr. W. G. Arn:—I second the motion.

The President:—You have heard the motion and the second. Is there any dis-

cussion? Those in favor signify by saying "aye"; opposed likewise. The motion is

carried.

Chairman C. J. Geyer:—That instead of revising or reprinting a number of other

plans, to avoid expense, the necessary corrections be taken care of by the addition of a

new page, presented herewith, bearing the heading "AREA Errata" marked "Appendix E"
and dated March, 1935. I so move.

Mr. W. G. Arn:—I second the motion.

The President:—You have heard the motion. Is there any discussion? Those in

favor signify by saying "aye" ; opposed likewise. The motion is carried.

Chairman C. J. Geyer:—The second part of this subject, under the heading Re-

vision of Manual, was assigned to a special Sub-Committee with Mr. Howson as Chair-

man. I will ask Mr. Howson to present Appendix A-2, Revision of Manual.

Mr. Elmer T. Howson (Railway Age) :—The report of the Sub-Committee on Re-

vision of Manual appears on pages 557-560 of Bulletin 373. The Committee undertook

a rather thorough review of the material of the Track Committee now appearing in the

Manual in accordance with the instructions of the Board of Direction.

Under Maintenance of Line, in the 1929 edition of the Manual there appears on

pages 202 and 203 a discussion of easement curves. The principles there set forth were

drafted some twenty years ago and are now obsolete in several respects, especially by

reason of the introduction during the last year of trains operating at higher speeds than

were employed previously.
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There is also presented near the bottom of page 203 a statement reading as follows:

"The 10-chord spiral is recommended. Chords of any part of this spiral length may be

used in staking out the 10-chord spiral," etc.

To determine the extent to which this spiral meets the needs of the railways, as re-

flected by their use of it, a questionnaire was addressed to engineering officers on 41 of

the larger roads, inquiring whether they used this spiral and whether the retention in

the Manual of this information would be of interest or help to them. Thirty-two replies

were received and of these only three reported using the 10-chord spiral and only seven

favored the retention of this material in the Manual. It is obvious, therefore, that this

voluminous material, which has been incorporated in the Manual of Recommended Prac-

tice for more than twenty years, has failed of general acceptance.

In view of this fact the Track Committee will undertake the review of the material

looking to the revision of those statements of principles and the selection of that spiral

that will most completely and conveniently meet the practices and requirements of the

railways, looking to its substitution for the material now in the Manual. That is reported

as a statement of information.

The President:—It will be so accepted.

Mr. Elmer T. Howson:—Recognition of the fact that we are in the beginning of

an era of markedly increased speeds for passenger trains, and appreciation of the intimate

relation that the superelevation of curves bears to the operation of these trains, have

led the Track Committee to undertake the revision of the information now appearing

in the Manual on pages 228 and 229. and especially the revision of the table on curve

elevation to accord with these new conditions.

It is therefore recommended that the material appearing on page 229 of the Manual

under the heading Maintenance of Surface be withdrawn from the Manual and the ma-

terial beginning with the fifth line from the bottom of page 557 and continuing down
to slightly below the middle of page 558, or in other words, down to the heading Mainte-

nance of Gage, be inserted in the Manual in place of that now therein. I move the adop-

tion of this recommendation.

Chairman C. J. Geyer:—I second the motion.

The President:—-You have heard the motion and the second. Is there any dis-

cussion?

Dr. A. N. Talbot (University of Illinois):—I would like to say a few words on

that. I am speaking on Appendix A, Bulletin 374, page 911, which refers to the eleva-

tion curves under the heading Maintenance of Surface. I quite agree that the material

at present in the Manual should be taken out. It is misleading and may be misin-

terpreted. I think, too, that the material which is proposed has good qualities. I am
not opposing its being approved temporarily at this time. I want, however, to make a

few remarks which bear on its interpretation and on the need for further consideration

of the subject in the near future.

The wording proposed, perhaps, would seem to need further explanation in some

places. "Equilibrium speed" is a new term which might well have definition—it evi-

dently refers to the speed for which the resultant of gravity load and centrifugal force

is normal to the track. "Comfortable speed" might imply that the tabular value is the

only superelevation which will give comfortable speed. Probably the Committee do

not mean to assert that. "Permissible speed" is also a term which may need some ex-

planation or qualification.

I rather think it would be found that an even greater reduction in the amount of

superelevation may be made in some cases for the lighter curves and that the permissible

speeds in some parts of the table may be made still higher under certain conditions.

As an emergency matter, however, the approval of the material presented seems advisable.
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In this connection may I make a few comments relating to curve elevation? I hope

they may be helpful in considering the forces accompanying speed on curves. With

the remarks will be included some elementary principles known to all of you. The gen-

eral action of a train on the curve and the effects found when a deficiency or a surplus

in the superelevation of the outer rail exists (as it does except for all but a single speed)

may well be discussed. Deficiency here refers to the amount the superelevation is less

than that superelevation which will make the resultant of the centrifugal force for the

given speed and the vertical load normal to the track, and surplus the amount the

superelevation is greater than the normal value for the given speed. The use of the

terms deficiency and surplus of superelevation is thought to be useful in determining in

a simple way the magnitude of the lateral pressure exerted by the truck of a car against

the two rails of the track. The full superelevation for a given speed is frequently

called the theoretical superelevation but it seems better to speak of it as the normal

superelevation for the given speed.

No attempt will be made to discuss limiting values that may involve safety nor to

cover the more complex elements that may need consideration in a comprehensive treat-

ment. Other forces entering into the problem, such as the lateral pressure developed at

the outer rail on the flange of the front wheel of a truck necessary to turn the car or

locomotive in passing around the curve, will not be considered here.

It is true of course that the centrifugal force developed by the car in passing around

the curve varies directly as the square of the speed and as the degree of the curve. For

calculating the normal superelevation of the outer rail corresponding to a given speed,

calling / the normal superelevation for this given speed in inches, the equation may be

written / = .0007 DV', where D is the degree of curve and V the speed under considera-

tion in miles per hour, arid the distance between bearing points of wheel on the two rails

(g) has been taken in a round number to be 60 inches. The 60 inches is a little more

than the distance between the wheel bearings and the exact value of the coefficient will

depend somewhat on i (ranging from .00069 to .00070 when 60 inches is used for g).

Extreme precision, however, is not warranted. Let me repeat that i is the superelevation

that will make the resultant pressure normal to the track at the given speed; that is,

perpendicular to a line across the top of the two rails.

As trains run at various speeds, the conditions developed at the higher and the

lower speeds must be considered a part of the problem. Necessarily a speed higher than

that speed for which the superelevation of the track is the normal superelevation (called

by the Committee the equilibrium speed)' will produce lateral pressure outwardly on the

rails of the curve and will result in an increase in the average load on the outer rail

and a decrease in the average load on the inner rail. On the other hand, a speed lower

than the normal speed will make the resulting lateral pressure due to centrifugal force

and superelevation act inwardly of the curve (disregarding the force required to turn

the car around the curve) and will decrease the loads of the wheels on the outer rail

and increase the average loads on the inner rail. It would seem, too, that for the low

speeds this change in relative wheel loads on the two rails and the accompanying change

in position of the wheels on the two rails and the unevenness in the division of loads

among the four wheels of a truck will result in an increase in the force required to turn

the truck around the curve and with the reduction in load on the outer leading wheel

will increase the opportunity for derailment. It becomes obvious that the proper selec-

tion of the superelevation to be used on a track carrying high speed and low speed trains

is an important and difficult problem.

A simple formula for finding the average lateral pressure of the wheels of a truck

outwardly or inwardly of a curve (not exact but closely approximate) and another for



Discussion 971

the division of the loads between the two rails, due to the superelevation and the cen-

trifugal force for a given curve and for any given speed, will be found useful in con-

sidering the choice of superelevation to be used on a curve. In these formulas the actual

superelevation of the track and the normal superelevation for any speed are used.

Let z = the normal or theoretical superelevation for a given speed; that is, the

superelevation that will give normal or perpendicular pressure on the track at the given

speed. As before, this superelevation may be taken to be approximately .0007 DV,
where V is the speed in miles per hour, D the degree-of-curve and i is in inches. Or the

values may be taken from the tables proposed by the Committee for elevations for

equilibrium speeds, where 56J/2 in. is used for g.

e =: superelevation of the track in inches, which may be less or more than i.

H = horizontal or lateral pressure on the two rails or on the car or on a body in

the car to the extent that it is not counteracted by the superelevation of the track.

Pressure outward of the curve is taken as positive. This lateral pressure is resisted by

the two rails but its division between the two rails and among the four wheels of a

truck is indefinite.

W ^= weight of the car or of a body in the car or of the axle load or truck load

on the two rails.

Wo r= weight or downward pressure on the outer rail caused by the a.xle load and

centrifugal force.

Wi = similar weight on the inner rail.

g r= distance between bearing? on the rails of the two wheels of an axle, which for

convenience will be taken as 60 inches.

h = height of center of gravity of a car above the rail. For convenience and sim-

plicity this will be taken as 60 inches which is about the value for a Pullman car. The

ordinary steam locomotive has its center of gravity considerably higher and for it a larger

value of h should be used.

It can readily be shown that a closely approximate value of H is given by the follow-

ing equation

^=^W^ (1)

and that

h
,

1

IF.. = H — + — W

= ij + ^^W,iih = g (2).

The weight or downward pressure on the inner rail, W<, may be found by changing

the plus sign to the minus sign in equation (2). If i is smaller than e, i— e is negative

(a surplus) and the formula will show a pressure inwardly of the curve.

The foregoing analysis relates to the lateral pressure on two rails and to the divi-

sion of downward pressure between the two rails for a body in the car or for the weight

on the truck as a whole—in other words, it relates to the total lateral pressure of the

truck on the two rails without attempting to make a division in the pressure among these

wheels, and similarly it does not attempt to divide the load between the front and rear

wheels on one rail. Furthermore, it neglects the lateral forces acting in turning the

truck continuously as it passes around the curve, involving lateral and longitudinal slip-

page and friction, which forces are indeterminate and in themselves act to change the

division of pressure and load between the two rails and among the several wheels.

The formulas, however, will serve to determine at least a first or trial value for the

loads under consideration.
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As illustrations of values found from these formulas consider a 2-degree curve having

a superelevation of 4 inches (c = 4) . For a speed of 80 miles per hour i := 9.0 inches.

9.0
The total centrifugal force at the speed is seen to he—7frWz=: .15W. On this track with

the superelevation e =: 4 inches the lateral pressure by equation (1) will be

9.0— 4—^— W — mW. Also, Wo — .5&W and Wi — .42W^. The equilibrium speed will be

S3 miles per hour. For a speed of 30 miles per hour the normal superelevation i is 1.3

1.3 — 4
inches. H =z r^

—

W :=—.05W, which is inwardly of the curve. By equation (2)

Wo = A5W and Wi = .55W.

Next consider a 3-degree curve having a superelevation of 3 inches (e = 3.0). For

this superelevation the equilibrium speed will be 38 miles per hour. For a speed of 60

7.6 — 3
miles an hour 2 = 7.6 inches, H= 7?r-W = .08W, Wo — .58W, and Wi — A2W.

oU
For a speed of 20 miles an hour i= .8 inches, H= .04W, Wo = A6W, Wi = MW.

These formulas and illustrations show something of the effect on lateral pressure

and average division of load between rails, due to this source, for speeds greater and

less than the equilibrium speed for a given track. The magnitude of the lateral pres-

sure, either outward or inward of the curve, for medium variations from the equilibrium

speed will not be large as compared with other lateral pressures and forces found on

both straight and curved track. For speeds higher than the equilibrium speed, if the

amount of the lateral pressure of this kind is moderate and is acquired gradually over an

adequate length of time, as when an easement curve of sufficient length is used to give

the gradual increase in this lateral pressure attained over a reasonable time for a given

speed, the sensation of this pressure will not be objectionable and the effect on the ve-

hicle and track will not be troublesome. In fact, a limited amount of this lateral pres-

sure will result in an easier riding curve as compared with one having full superelevation

but not in perfect alinement and surface, since the wheels will be held against the outer

rails even with some variations in curvature and track surface. The lateral force ex-

erted on a passenger will not be troublesome when an easement curve of adequate length

is used.

The formula for permissible speed presented by the Committee uses 3 inches as the

allowable deficiency in superelevation. At an upper speed limit by equation (1)' this

3
results in a lateral pressure approximately equal to -77: W, or 5 per cent of the weight of

car or passenger. So far as track is concerned, this lateral pressure is considerably less

than the lateral pressure developed against the outer rail by the outer wheel of the

front axle of a car truck and by the outer wheels of the truck and the leading outer

driving wheel of a locomotive, and much less than that against the inner rail at an in-

termediate driving wheel of a locomotive brought about in turning the locomotive and

car on the curve. It is even well within the limit of lateral pressures found to be de-

veloped on straight track. By equation (2) it is seen that the change in division of load

between the two rails caused by a deficiency of 3 inches will be 5 per cent of the axle

load, if the effect of the lateral force turning the truck is not taken into account.

Another effect of superelevation enters into the problem. On entering the curve

h
the center of gravity of the car is moved laterally a distance about — .e as compared with

the position of the center Une of track, say 6 inches when the superelevation used is 6

inches. This movement is attained in the distance used in giving this superelevation.

The movement is likely to result in a lateral throw or lurch unless an adequate approach
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is used, for it is obvious that when a body is displaced laterally very quickly the ac-

companying acceleration and jerk results in an unpleasant sensation and gives bad riding

conditions with corresponding blows applied to the car and track. The use of a smaller

superelevation than the normal one for the limiting speed has the advantage of decreas-

ing the amount of the lateral movement referred to and thus reducing the lurch of the

locomotive and car.

A further element of the problem that should be given consideration when the full

superelevation at the given limit of speed is not used, is the additional compression of

the springs on the outside of the curve and a corresponding lengthening of the springs

at the inside of the curve, together with changes in the lateral position of center of grav-

ity of the car produced by the travel of the springs, all of which affect the riding quali-

ties and will need to be taken into account in any comprehensive treatment. Also an

opposite action of the spring compression occurs at speeds lower than the equilibrium

speed. For the higher speeds the effect is to throw the center of gravity of the car in a

direction outward of the curve. As the depression of the springs of a Pullman car due

to the weight of the car is something like 8 inches, the changes accompanying transfer

of load from one rail to another are not negligible. For the case just cited (a deficiency

of 3 inches below the normal superelevation for the given speed and a resulting lateral

pressure of S per cent of the weight on the axle) where say 10 per cent is added to the

weight on the outer wheel and 10 per cent taken from the weight on the inner wheel,

the springs of the car may be shortened or lengthened 0.8 inch (or whatever the lateral

distance between springs would make it), and this spring movement will tend to move

the center of gravity of the car outwardly of the curve say 1.6 inches. As the super-

elevation used will give an inward movement of the car, the final position will be the

algebraic sum of that due to superelevation and to compression of springs. For the

lighter curves values of the superelevation may be chosen that will result in small lateral

movement of the center of gravity of the car for a given speed.

It is apparent that such matters as the limit of the lateral pressure to be allowed

on a given curve while at the same time assuring safety of travel, as well as the de-

crease in the lateral movement of the center of gravity of the car accompanying a re-

duced superelevation and the changes in the compression of the springs with varying

speeds, are subjects that warrant fuller discussion than can be given at this time.

All the foregoing remarks refer to the conditions when the car is on the curve.

They have not fully taken into account the transition from tangent to curve. As a mat-

ter of fact, after the train is on the curve a variety of values of the superelevation, if

uniform over the length of the curve, may be expected to give fairly satisfactory results

as soon as equilibrium of movement on the curve is attained. Entering and leaving the

curve involves other questions.

It is evident that making the transition from tangent to curve and from curve to

tangent is an important part of the problem. For these purposes an easement or transi-

tion curve is useful in the following ways:

(a) The trucks change direction with reference to the car body gradually throughout

the length of the easement. This of course is more important in the sharper curve.^

than in the lighter ones, though for high speeds the time element makes it important

on the lighter curves.

(b) The car gradually attains the superelevation of the curve, and the corresponding

lateral movement of the center of gravity of the car is distributed over a given

distance and over a corresponding time, which may be long enough to provide a

time adequate for the movement at a given speed so that a lurch or other unsatis-

factory effect does not result.
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(c) For the higher speeds, if the full theoretical superelevation for a given speed is

not used, the lateral pressure of centrifugal force due to this deficiency may be ac-

quired gradually through the use of a transition curve. By making the time used

in the transition long enough, the sensation of lateral pressure may be greatly

decreased. It should be noted that a gradual acquisition of the final lateral pres-

sure due to the centrifugal force corresponding to the deficiency in superelevation

on the main curve (deficiency here referring to the difference between the actual

superelevation and that necessary to produce normal pressure against the track at

the given speed)' will be attained by reason of the gradual increase in sharpness

along the transition curve. Merely starting the superelevation back on the tangent

without the use of the transition curve will not result in gradual acquisition of

the lateral pressure.

The first two ways mentioned, (a) and (b), that relating to the change in direction

of the truck and that relating to the later'kl change in position of the center of gravity

of the car, are the elements usually thought of in connection with transition curves. But
the third (c) is likewise important, especially when the amount of the superelevation is

reduced well below the theoretical or normal value. It is evident that provision for a

transition curve of adequate length is still essential for smooth riding at high speeds

when the superelevation is decreased well below the theoretical value and especially

when the track on the main curve is kept level as is allowed for the lighter curves in

two of the proposed tables.

It is apparent then that for high speeds the length given to the transition curve

should bear some relation to the time taken in acquiring the position and the pressures

on the main curve itself, regardless of whether the full value of the normal supereleva-

tion for the limiting speed is used, and that adequacy of this length of time and length of

the transition curve is an important element in the problem.

It is evident, too, that an adequate transition curve will necessarily have quite an

cff-et from the original circular curve—the improvement cannot be made without cor-

responding changes in alinement, though the substitution of a sHghtly sharper main

curve in modifying the location will minimize the changes. At any rate, it will be ac-

cepted that for high-speed service adequate transition curves are essential to smooth

riding.

The fixed position of the rails on a railroad makes the introduction of transition

curves imperative in guiding the trucks of the train on and off the curve if smooth

riding is to be obtained. In the case of the highway, where there is considerable leeway

and choice in the position of the wheels of the automobile while entering and leaving a

curve, the driver makes his own transition by gradually changing direction by means

of the steering wheel. Even so, on highways intended for high speeds suitable transition

curves are being specified by governmental agencies.

It hardly need be added that this discussion is not intended in any way as a final

word on the matter of curve elevation. Rather it is given as a suggestion to stimulate

discussion and investigation and point out the need for further definite knowledge on

the action of trains on curves under known quantitative conditions.

The President:—Thank you, Dr. Talbot.

Mr. Elmer T. Howson:—The Track Committee is deeply appreciative of the con-

structive contribution Dr. Talbot has just made. It is our understanding that he con-

curs in the thought of the Committee that the material now in the Manual is obsolete

and should be revised. It is our understanding, also, that he has no objection to the

acceptance of this new material tentatively, until we can digest his information and
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such other information as ma\ he suhmitfeH. It that is the case, our motion is still

before the house.

The President;—The motion for the substitution of this new material for the obso-

lete material in the Manual is still before us.

The Committee wishes to continue its consideration of Dr. Talbot's sulimission and

other submissions which it hopes to receive. Is there any further discu.ssion?

Mr. J. B. Jenkins (Baltimore & Ohio) :—I call attention to the statement on pajje

913 of Bulletin 374 under Maintenance of Surface: "Elevation of Curves. The ap-

pro.ximate formula: E= .00066 DS' will give essentially correct theoretical elevations

for the outer rail of curves, in which the resultant of forces passes practically through

the center line of track, where center of gravity of equipment is 84" above rail."

If the resultant of forces passes through the center line of track, it is immaterial

whether the center of gravity be 1 inch or 100 feet above the rail. The required ele-

vation to pass the resultant of forces through the center of the track will be identical,

regardless of the height.

Mr. Elmer T. Howson:—May I say for Mr. Jenkins' information that the table and

introductory material to which he refers will come before the Association in the report

of another Sub-Committee. Certain changes have been made which that Sub-Committee

will present in a few moments.

The President:—Is there any further discussion, gentlemen? Those in favor of the

motion now before you will signify by saying "aye" ; opposed likewise. The motion is

carried.

Mr. Elmer T. Howson:—In its review of the material in the Manual under Mainte-

nance of Gage, the Committee found that, in view of the developments in \,he design

and use of tie plates and other appliances for the maintenance of gage during the more

than twenty j^ears since the statements of recommended practice now^ appearing in the

Manual were adopted, the Track Committee should undertake to review that material

and to revise it in accordance with best practice. That work is under way now.

The Committee also undertook a study of the material in the Manual on pages

231 to 232 and 234 relating to Speeds of Trains Through Curves and Turnouts. It

addressed a letter to the engineering officers of forty-one of the larger roads inquiring

whether they used the information presented here and whether they considered it of suf-

ficient value to retain in the Manual. Thirty-one of the roads addressed, replied, sixteen

of which advised they w^ere not using the information. Seventeen advised that they

had either accepted the speeds set forth as standard for their lines or used the infor-

mation as reference in formulating their own standards.

The Committee undertook a study to bring that table and the curve more nearly

in accord with the practices and desires of a large number of roads. The material sub-

mitted, beginning at the bottom of page 558 of Bulletin 373 and continuing through

the first paragraph on page 560, was the first conclusion of the Committee. The Com-
mittee has since received further data and now desires to withdraw this portion of its

report at this time.

The President:—The Committee has the power to do so.

Mr. Elmer T. Howson:—The practice recommended on pages 242-3 in the 1929

edition of the Manual is no longer in accord with present practice relative to the re-

sawing and reconditioning of rails for relaying, and building up of battered rail ends

in track. The Committee recommends that this material be withdrawn from the Manual
and the subject be reassigned for study, preferably as a part of the assignment to the

Rail Committee reading, Cause and prevention of rail battering and methods of re-

conditioning rail ends, fastenings and frocs in track,
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I move the adoption of that recommendation.

Chairman C. J. Geyer:—I second the motion.

The President:—Do you include that as a recommendation to be assigned the Rail

Committee, or just withdrawal?

Mr. Elmer T. Howson:—If it is allowable, we will include both. I do not know
whether we have the authority to recommend the reassignment of the subject.

The President:—You have heard the motion and the second. Is there any discus-

sion? Those in favor signify by saying "aye"; opposed likewise. The motion is carried.

Mr. Elmer T. Howson:—The Committee recommends that the material now in the

1929 edition of the Manual with relation to Anti-Creepers be revised to read as set forth

beginning near the middle of page 560. I move the adoption of those requirements in

substitution for the material now in the Manual.

Chairman C. J. Geyer:—I second the motion.

The President:—You have heard the motion. Is there any discussion?

Mr. L. J. Hughes (Rock Island) :—Just briefly I want to ask the Committee if

they have given consideration to a certain type of rail anchor which was a very good

anchor in all respects except in cases where we were so unfortunate as to have derailed

wheels striking the anchor causing damage to the rail and resulting in many miles of

rail having to be removed from the track, by reason of the base of rail breaking where

gripped by the anchors.

If the Committee has considered this and they do not think it of value, I will

agree with all of the requirements they have listed, but I suggest the following addition

in case the Committee think it worth while:

"(9) Anti-creepers shall be so designed in their manner of gripping the rail that,

in case of derailed wheels striking anchors, damage will not be done to the rails."

Mr. C. W. Baldridge (Santa Fe) :—It appeals to me that article (S) under the subject

of Anti-Creepers might better be omitted. The question of the number of parts varies

from time to time, depending, largely, upon the success, the value of different makes and

types of rail anchors. There is one factor, at least, in favor of an anchor that has more

than one piece. A two-piece anchor, if well made, will usually have more reapplication

value than a one-piece anchor. I would suggest omitting (S) entirely.

Mr. Elmer T. Howson:—In the review of this material, the Committee retained,

so far as it thought permissible, the material that had already been adopted as accepted

practice by the Association. The paragraph to which Mr. Baldridge refers is in the

present Manual and has been carried over. It is not a new statement of principle.

Also, the Committee endeavored, in the revision of these requirements, to deal in

general terms, without reference to any particular proprietary design of anchors. The

Committee feels that the statement appearing in the 1929 edition adopted back in 1913

is still good practice.

Mr. C. W. Baldridge:—In view of the fact it is already in the Manual, I move an

amendment to the motion before the house to the effect that the matter submitted under

Anti-Creepers with the exception of number (S) be approved for revision.

The President:—Is that amendment satisfactory to the maker of the motion?

Mr. Elmer T. Howson:—If I understand Mr. Baldridge's motion correctly, he would

approve the recommendation of the Committee that the new material on Anti-Creepers

be incorporated in the Manual, in accordance with the recommendation of the Committee,

except one paragraph which is now in the Manual and which without action by the

Association would remain in the Manual,
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Mr. C. W. Baldridge:—If that is the construction, I will put it the other way. I

would amend the motion before the house that we strike out article (5) and approve

the rest of it.

The President:—My attention is called to the fact that this amendment has not

been seconded. Is there a second?

(The amendment was regularly seconded)

Chairman C. J. Geyer:—The Committee is not willing to accept that amendment

at this time.

Mr. W. P. Wiltsee (Norfolk & Western):—I hope the Committee will continue in

that stand. I think that article (5) is simply a statement of fact. I certainly am of the

opinion that the least number of parts is desirable in a rail anchor. The more parts

we have, the more chance there is of losing parts and the more cost, generally, of ap-

plication.

The President:—Is there any further discussion on this amendment? Are you

ready for the question? Those in favor of the amendment will signify by saying "aye";

opposed likewise. The amendment is lost. The original motion stands. Is there further

discussion on the original motion?

Chairman C. J. Geyer:—I would hke to say that the comments of Mr. Hughes

will be given consideration by the Committee in its further study of this subject.

The President:—Is there any further discussion on the motion? Those in favor of

the motion that this material be substituted for that now in the Manual, signify by saying

"aye"; opposed likewise. The motion is carried.

Mr. Elmer T. Howson:—That concludes the report of this Sub-Committee.

(Vice-President Robert H. Ford in the chair.)

Chairman C. J. Geyer:—During the luncheon recess it was called to my attention

that this morning I addressed the Chair as "Mr. Chairman and gentlemen," and that I

had overlooked the fact that tliere was a lady present. I apoligize to Miss Dennis, a

member of this Association. So it is, Mr. Chairman, Lady and Gentlemen.

The next subject on the Track Committee's report is Appendix B, String Lining of

Curves. Mr. McVay, Chairman of this Sub-Committee, had to leave. I will ask Mr.

Hogan, a member of the Sub-Committee, to present the report.

Mr. J. E. Hogan (Chesapeake & Ohio):—This report on the String Lining of

Curves is shown on pages 561 and 565 inclusive of Bulletin 373.

This method of alinement of curves is not intended to replace the method of aline-

ment as obtained by the use of a transit. In order to use this method, a track of

fairly good alinement has to be taken for the base. Where there is no track, or where

the track desired to be realined is greatly out of line, this method cannot be used. Any

number of combination of throws with balanced results may be obtained by this method,

so that the work should be placed in the hands of a person with dependable judgment.

Such person should also have at least a working knowledge of high school algebra and

considerable experience in track work.

The Committee has not attempted to give any standard as to the length of spiral

to be used on either end of the curve. Spirals shown in the examples could be of

greater or shorter length and also may be true of any special degree of curve, if it was so

desired to have these longer or shorter spirals. Of course, if this were done, the throws

at the respective stations would be different from those shown in the example.

The tools required to do this work are a strong fish line or chord of 62 ft. 1 n^th

and a 50 ft. steel tape; marking crayon; a suitable rule graduated to inches and tenths

thereof with the graduations beginning at the extreme end of the rule or scale; and a

pad of forms which is described on page 563.
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The operations required by the use of this method are outlined in detail on pages

562 and 563. The first part deals with a curve in which there is no change of the

tangents either in direction or in location at either end of the curve.

This is followed by a discussion of a case in which the tangent between two curves,

outlined in examples 2 and 3, is moved parallel to itself, but the angle of intersection of

either of these curves does not change.

This is followed by discussions of a reverse curve in which the tangent between

the two parts of the curve is changed, or the intersection angles of both parts of this

curve is changed according as the tangent is changed.

The example as shown by Exhibit 6 is for the curve as shown in example 1. The

dotted line represents the original ordinates, and the full line the alinement obtained by

this method.

I move that this report with Exhibits 1 to 6 inclusive be adopted and published in

the Manual.

Chairman C. J. Geyer:—I second the motion.

Vice-President Robert H. Ford:—You have heard the motion that the recom-

mendation be adopted for inclusion in the Manual. Is there any discussion?

Mr. C. W. Baldridge (Santa Fe):—It appeals to me that this material, inasmuch

as the Committee announced that it is only subsidiary or a makeshift method to be used

in connection with transit work, and the further fact that the figures given do not pro-

duce actually correct results, is hardly material suitable for publication in the Manual.

In that connection, I want to call attention to a circumstance that I stumbled onto

two or three months ago in seeking some information in one of the prominent, well-

known engineers' handbooks that was revised quite thoroughly in 1919. I found that

in that handbook the Manual of the A.R.E.A. is quoted numerous times, and the Pro-

ceedings are quoted a few times. In at least one case the man revising that book quoted

from a Bulletin of the A.R.E.A. and gave it as recommended practice, gave as recom-

mended practice a statement contained there in regard to substitute ties. That statement

was the overenthusiastic statement of some sub-committee chairman and got into the

Bulletin only. It was never adopted by this Association as recommended practice, yet

it stands in that handbook, which goes all over the world, as the recommendation of

this Association, and it is now totally incorrect, was at that time incorrect, and the idea

itself has been exploded.

Vice-President Rob.'rt H. Ford:—The gentleman desires to amend the pending mo-

tion. Is it seconded? (Not seconded) Action of the Convention is now upon the

original motion, which is that the recommendation as reported by the Committee be

adopted for inclusion in the Manual. Are you ready for the question? All these in

favor will signif\ by saying 'aye'; contrary 'no'. The Chair is in doubt. All those

who favor ths motion will rise. (Pause) Now all who oppose the motion wil rise.

(Pause) The 'ayes' have it. The report is adopted and accepted for printing in the

Manual.

Proceed, Mr. Geyer.

Chairman C. J. Geyer:—The next subject is Appendix C, Plans and Specifications

for Track Tools. Your Committee presents as information this year Plans 23, 12-A

and 24.

Vice-President Robert H. Ford:—The Committee Chairman has referred to cerlain

matters that will be found in the report of the Sub-Committee, copy of which is before

you. Unless there is objection it will be received as information. (No objection) The

Chairman will now proceed on the remaining reports of the Sub-Committee-, whic'i,

unless there is objection, will also be received as information,
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Chairman C. J. Geyer;—The Committee reports progress on Appendix E, Track

construction; Appendix F, Corrosion of rails and fastenings in tunnels, and presents an

informatory report as Appendix G, Design of tie plates for RE rail sections as developed,

page 570.

The Committee also reports progress on Appendix H, Practicability of using reflex

units for switch lamps and targets, page 576, and reports progress on Appendix J,

Reclamation of serviceable materials from scrap and retired maintenance of waj' and

structures machines, tools, and appliances, page 577.

On page 569, Appendix D, your Committee is recommending for adoption in the

Manual some plans for switches, frogs, crossings, slip switches. In the absence of Mr.

Harting, Chairman of this Sub-Committee, I will ask Mr. Masters to present that report.

Mr. F. H. Masters (Elgin, Joliet & Eastern):—The report of this Sub-Committee

appears on page 569 of Bulletin 373, Plans for Switches, Frogs, Crossings, Slip Switches,

etc.

The plans presented in this Appendix were prepared in conference with the Standard-

ization Committee of the Manganese Track Society.

The Committee presents for adoption as recommended practice. Plans 811, 812, 820,

821, 831, 832, 833, 834, and 840, which shows the designs, details, and bills of material

of double slip switches and movable point crossings. These plans are substitutes for

those that are now being withdrawn in Appendix A-1 and were made to harmonize with

the revised trackwork plans that were adopted in March, 1934, and also for the sake of

clarity.

I move the adoption of these plans for inclusion in the Manual.

Chairman C. J. Geyer:—I second the motion.

Vice-President Robert H. Ford:—The Committee recommends the adoption of the

plans in substitution for those appearing in the Manual. Are you ready for the qu?Ption?

All those in favor will signify by saying 'aye'; contrary-minded 'no'. The Committee

recommendation is adopted.

Mr. F. H. Masters:—The Committee presents for adoption as recommended practice

.\ppendix D, consisting of additional alternates applying to various plans, to which ad-

ditions can be made from time to time, avoiding the expense of reprinting plans.

I move the adoption of this for inclusion in the Manual.

Chairman C. J. Geyer:—I second the motion.

Vice-President Robert H. Ford:—It has been duly moved and seconded thit thi-

report be adopted for printing in the Manual. If there is no discussion, those who

favor will signify by saying 'aye'; contrary 'no'. The Committee recommendation

is adopted.

Mr. F. H. Masters:—The Committee also presents, as information, Plan 325, re-

vised March, 1935, which shows details of frog fillers, together with Plan 793, revised

March, 1935, showing data for standard wheel flanges, treads, and gages.

This Plan 793 is not in the printed report of the Committee. It was received too

late for printing, on account of the fact that the Mechanical Division made some revision

in the data, and I understand that Mr. Fritch has the prints of this plan at the present

time.

Vice-President Robert H. Ford:—It will be received as information.

Mr. F. H. Masters:—The Committee reports progress on a number of other assign-

ments. This concludes the report of the Sub-Committee.

Chairman C. J. Geyer:—Appendix I, page 576, Design and Specifications for Anti-

Creepers for RE Rail Sections as Developed. This is a report presented as information

with the recommendation that the subject be discontinued. 1 so move.

Mr. W. G. Am:—I second the motion.
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Vice-President Robert H. Ford:—The Committee presents their report as informa'.ion

and recommends that the subject be discontinued. The Board of Direciicn wil cansdor

the recommendation. Meanwhile, does anyone desire to comment on the rcpo.'t? If

not, it will be received as information.

Chairman C. J. Gej'er:—The Committee presents as information Appendix K on

page 577.

Late last year, along about the middle of December, the Board of Direction asked

the Track Committee to review the information appearing in the Manual on super-

elevation of curves because that information had been misinterpreted in a great many

cases by outside agencies in their investigation of derailments for which no other cause,

no direct cause other than elevation and speed, could be found.

The information in the Manual was also used in court cases at various times on some

railroads. It was thought this was of such importance that the Committee should, if

possible, get a report on the subject this year; so a Sub-Committee was appointed and

made a report which came out in the later Bulletin, No. 374, page 911. Colonel Arn,

Chairman of that Sub-Committee, will present this report, inasmuch as it is for adoption

in the Manual.

Mr. W. G. Arn:—There are some changes in the matter as it appears in the Bulletin.

However, the information on page 911 as to the matter to be withdrawn is as shown
on that page. This includes the substance on page 228 of the 1929 Manual, which is

also the substance shown on page 912 of this Bulletin, to be withdrawn. In addition,

the graph which is entitled "Speed of trains on curves resultant through edge of middle

third height of center of gravity =^ 84"," and the graph on page 233 entitled "Speed of

trains on curves unbalanced elevation =: 3"." "All heights of center of gravity. Those

speeds of trains on curves having an elevation of three inches less than theoretical eleva-

tion." And the subsequent paragraph.

The 1929 Manual does not have the complete derivation of the formula used, and

it was found that this was in the Manual of 1911. The Committee is of the opinion

that this information should be in the Manual and so recommends.

I think I had better just go over the matter proposed and include it in its proper

place.

"Maintenance of Surface, (a) Elevation of Curves."

Then the following quoted from the 1911 Manual:

"The approximate formula,

_ ^^' *
^~

32.16 R
e = Elevation in feet,

in which

G = Gage of track in feet,

V = Velocity in feet per second,

R = Radius of curve in feet,

will give essentially correct theoretical elevation for the outer rail of curves.

"This formula will give essentially correct theoretical elevations for the outer rail

of curves in which the resultant of forces passes practically through the center line of

track."

This eliminates the clause which was objected to from the floor this morning,

"where center of gravity of equipment is 84" above rail," and in place of that, substi-

tutes a clause "irrespective of height of center of gravity."

Then the table follows, then the information as shown on page 914 in the form as

given, except that the third line in the heading of the table which reads, "Center of grav-
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ity 84" above top of rail," is to be omitted, this information appearing in the text above

the table. On page 915 of the Bulletin the subject-matter and the table as submitted,

except the omission of the third hne in the heading of the table which reads "Center

of gravity 84" above top of rail," this information also appearing in the text above the

table.

I move that the elimination as recommended and the information as substituted and

amplified be adopted for publication in the Manual.

Chairman C. J. Geyer:—I second the motion.

Vice-President Robert H. Fotd:—It has been duly moved and seconded that the

revisions reported by Committee V-Track be substituted for the related matter which

now appears in the Manual. Are you ready for the question?

Mr. J. B. Jenkins:—On page 914, preceding the table, "Elevation of Outer Rail in

Inches, for Comfortable Speeds, Miles Per Hour", there is a statement that the resultant

of forces passes practically three and one-quarter inches from outside of the center line

of track, where the center of gravity of equipment is 84" above rail.

As a result of the questionnaire put out about 1910 or thereabouts on this subject,

the consensus of opinion of Engineers of railroads of the United States was that there

was no uncomfortable feeling from a train exceeding the speed for which the track was

elevated, or from the train running more slowly than that for which it was elevated,

unless the difference between the theoretical elevation for the speed at which the train

was running and the actual elevation exceeded three inches.

This placing of the resultant of forces three and one-quarter inches from the cen-

ter line of track reduces that margin very considerably; in fact, it reduces it more than

fifty per cent. It would indicate that a curve grows uncomfortable when the super-

elevation and centrifugal force are out of balance by more than an inch and one-half,

which would practically rule out the operation through any main line turnout at a

speed exceeding much more than ten miles per hour.

I think if you will give a little consideration to your own judgment, feeling, and

experience, in regard to speed of trains and relative superelevation, you will conclude

that there is no uncomfortable feeling, there is no discomfort in walking down an aisle,

there is no disturbance of the meal you are eating, unless the equilibrium is unbalanced

by more than three inches; and for many people that limit can be greatly exceeded.

I also wish to speak on a table on page 915. It has been a rule of thumb for

years that any speed was allowable which would cause the resultant of forces to pass

through the middle third of the track, and I do not know of anyone ever having main-

tained that a speed was unsafe when the resultant of forces passed through the middle

third. I have often heard it maintained that speeds should be permissible when the re-

sultant of forces passed well outside of the middle third, until they reached within three

or four inches of the gage line.

If the Association puts out a table stating that the permissible speed is that where

the resultant of forces passes practically within six inches from the center line of track,

that is within practically the middle fifth instead of the middle third, it places an undue

restriction on curves and would unreasonably hold down the speed of passenger trains

on track which has to be used for both passengers and freight.

Furthermore, it would give public service commissions, juries and courts an un-

warrantable excuse for blaming the railroads for running their trains at a speed higher

than stated here as permissible. Therefore, I think that both of these tables should be

very radically revised.

Mr. P. C. Newbegin (Bangor & Aroostook) :—I was going to say practically what

Mr. Jenkins has said, that is, it has been the practice of many of the American railroads
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to consider their curves safe if elevated for a speed that would bring the resultant

through the edge of the middle third of the track. It seems to me that it is very neces-

sary for us to have the approved safe speed of trains on curves made as high as it can

be so as to obviate possible trouble from the practice that has recently been in effect

in some instances, at least, of public utility commissions misinterpreting our data and

saying that where a speed exceeded the equilibrium speed, the track was unsafe and

was to blame for the accident that happened.

Mr. L. J. Hughes (Rock Island) :—I agree with the speakers who have preceded

me. I am glad to see some change made in the elevations, and I think that the last

table, "Permissible Speeds," is the safe limit for speed on curves. I note that these

elevations have been based on the center of forces falling within the middle third. It

runs in my mind that it is a time-honored theory in the design of structures, figuring

stability, and was considered good practice to have the center of resultant of forces fall

within the middle third which gave stability, but more on account of keeping down the

pressures on the outside of the foundation. As a matter of fact, a structure is stable

so long as the resultant of the forces falls within the base, and clearly, with the railroad

structure, where the rail and its support is strong enough so we do not have to consider

the crushing effect as you have in masonry, it perhaps would be safe to have the resultant

of forces fall outside the middle third, as has been mentioned.

I think, however, the table that we have printed to give the maximum or limit of

speeds for elevation should take into consideration the possible overturning of the rail

and pulling of the spikes due to the lateral force applied to the gage side of high rail.

If such a table were figured out, the extreme limit to which we can go in speeds for any

given elevation would be stated. Such a table would show us when we have approached

the limit of speed on curves. It is something that is facing us continually. In many

cases we have curves where we are obliged to permit high speeds, and there are such

conditions that it is not easy to make the elevation called for in the first table, "Bal-

anced Speeds." For instance, a curve on which there is a bridge where it is rather

difficult to increase the elevation. If we can have this table where we know what the

extreme limit is, it will be of benefit in helping us to control our speeds.

Vice-President Robert H. Ford:—Is there any fur'ther discussion?

Mr. W. G. Am:—The Committee was not satisfied with the terms that are used at

the head of the tables as "Comfortable Speeds" and "Permissible Speeds," but they

could not think of any other words that were better suited, so these were adopted.

The assignment to the Committee was not, as it understood it, to fix the minimum
amount of elevation that might be given and still be within the limits of safety. It was

assumed or understood that the assignment was to cover the standards which they

recommend and which the Association could recommend as the practice of the Associa-

tion. If that does not cover the field, it would seem that the advisable way to do

would be to add still another table which would show the limit. I do not know whether

the convention or the Committee on Outline of Work would consider that advisable or

not. But, under the circumstances, the Committee recommends the adoption of the mat-

ter submitted, in accordance with the motion.

Vice-President Robert H. Ford:—In view of the importance of this subject, wi'.l it

be satisfactory to the Committee that their report be received as informa'tion and in the

light of the discussion further study be given in the hope that the Comm ttee can

present a comprehensive and final report next year? If, however, the Committee feels

that they wish to press the motion, it will now be placed before the Convention for

appropriate action.
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Mr. W. G. Am:—If I understand the feeling of the Committee, there is no objection

to that. In fact, the Committee feels that subjects which are assigned to the Committees

should be given in ample time in which to make a very thorough study of the matters

and present them in the best possible shape.

Vice-President Robert H. Ford:—The Committee now desires that their report

be received as information and if 'there is no objection it will be so considered.

I am sure the Convention appreciates the excellent work being done by this Com-
mittee and their efforts to present a broad review of the situation and to this end

I am making a special request thrjt the membership give the matter some thought and

send to Chairman Geyer any suggestions they may have during the year. In this way,

Committee V-Track will be in position to present a report that will be a valuab e addi-

tion to the literature on 'the subject.

Mr. W. G. Am:—May I say in that connection, if the ones who are interested will

send in their criticisms and suggestions, we will get better results than by just sending

out a questionnaire which may not reach the person who is best in position to answer

the questionnaire.

Chairman C. J. Geyer:—That completes the report.

Vice-President Robert H. Ford:—Mr. Geyer, you have presented a very interesti'^g

and instructive report and your Committee is now excused with the thanks of the

Convention (Applause)

.

DISCUSSION ON TIES
(For Report, see pp. 16S-179)

(Vice-President Robert H. Ford in the chair.)

Mr. John Foley (Pennsylvania) :—The report of the Committee on Ties, beginning

on page 165, contains the Sub-Committee reports on the assigned subjects, each of which

is submitted as information only. There are no reports involving any recommendations

as to additions or revisions of the Manual.

Appendix A covers "Extent of Adherence to Standard Specifications." Late last year,

subsequent to the submission of the statement which you will find on pages 165 and 166,

the Committee observed a few million more ties in Kansas, Louisiana, Oklahoma and

Texas, and the results of their observations confirm our conviction that the progress in

adherence to recommended practice is extending.

Also in 1934, a railroad of large mileage in the mid-continental area adopted the

standard specifications for ties after seeming for several years to regard its conditions as

unusual and requiring departure from the standards.

With a view to improving the practice in the application of anti-splitting irons,

the Committee calls attention to their misapplication.

Appendix B, covering "Substitute Ties," is the regular tabulated information sub-

mitted each year in regard to such installations, and there is nothing striking to which

your attention should be called.

Appendix C, covering "Tie Renewal Averages and Costs per Maintained mile,"

brings the information supplied by the Interstate Commerce Commission from the

reports to it, and the data were printed in the June Bulletin, to which you are referred

in the hope that you will make use of these statistics.

Appendix D, covering "Proper Seasoning of Oak Ties, with Special Reference to

Those Grown in Southern Lowlands," is a progress report. No results can be given at

present because the test stacks established in various parts of the country give no infor-

mation as yet.

Appendix E covers "Economics of the Use of Ties Longer than 8 Feet," and will be

presented by the Chairman of the Sub-Committee, Mr. Clarke.



984 Ties

Mr. H. R. Clarke (Burlington) :—The report of the Committee on Economics of

the Use of Ties Longer than 8 Feet, Appendix E, is found on pages 173 to 176 inclusive,

Bulletin 371.

Tlie subject is one which the Committee has had under study for several years,

and it was hoped that some definite conclusion might be reached eventually by installing

several test sections of ties of various lengths. It has been impossible to bring this

about. Therefore the Committee is not in a position to present any definite data and

can merely offer what is contained in the Bulletin. This report is presented in the way

of information.

Vice-President Robert H. Ford:—It will be so received.

Vice-Chairman John Foley:—Appendix F, covering "Essential Considerations in

Attempting to Determine Surplus or Deferred Maintenance of Cross-ties from Renewal

Records," will be presented by the Chairman of the Sub-Committee, Mr. Crugar.

Mr. E. L. Crugar (Wabash) :—The report of the Sub-Committee is found on pages

176 and 177. It speaks for itself, and I will not take the time to elaborate on it, for

two reasons: One is the time is short, and the second reason is if I get started on it I

might say some things that would not appear good in the record. I just want to ask

you to read it and try to digest it.

Vice-Chairman John Foley:—Appendix G, covering "Specifications for Pre-adzing

and Pre-boring of Cross-ties," will be presented by Mr. Butler in the absence of the

Sub-Committee Chairman, Mr. Belcher.

Mr. R. E. Butler (Newburgh & South Shore) :—Specifications for Pre-Adzing and

Pre-Boring of Cross-Ties appears on pages 178 and 179 of Bulletin 371.

This is a general specification covering the adzing of ties, grooving, boring the spike

holes, trimming the end, branding ties for similar wood, weight of rail for which bored,

kind of treatment, etc. Individual roads writing specifications of this kind may select

from this such parts as they may wish to use as necessary details covering location of

spike holes.

I wish to call your attention to one error appearing on page 178 under the heading

"Adzing," the first item, second line. This should read "1 ft. 10J4 in." instead of "1 ft.

10^ in^"

This is a general specification covering the adzing of ties, grooving for the transverse

ribs of the tie plate, boring the spike holes, trimming the ends, branding the ties with

figures, letters or symbols, representing the date, weight of rail for which bored, kind of

treatment, etc. Individual roads writing specifications of this kind may select from this

such parts as they may wish to use, adding the necessary details covering the location

of spikes, etc.

Vice-President Robert H. Ford:—This Committee is charged with one of the most

important and vital subjects affecting the well-being of the railroads. Within the field

of their assignments are subjects dealing with over a billion cross-ties, with a propor-

tionate amount of bridge and switch ties. Necessarily, therefore, their work compre-

hends matters over a very appreciable part of the capital investment of the railroads.

If by skilfull ascertainment in the field of engineering research the Committee is able to

aid in the conservation of this vast investment through the discovery of new ways or

improved methods for extending tie life or by reducing tie maintenance costs by even

a fraction of a per cent, the resulting savings would appear to be of greater magnitude

than many of the possibly more spectacular items which are being presented to our

railroads.

This Committee is doing a most excellent work and is now excused with the thanks

of the Convention (Applause),



DISCUSSION ON SIGNALS AND INTERLOCKING
(For Report, see pp. 197-204)

(Vice-President Robert H. Ford in the chair.)

Mr. P. M. Gault (Missouri Pacific) :—^The report of Committee X is found begin-

ning on page 197 of Bulletin 371. Under Appendix A we report on developments in

railway signaling. The first subject is Automatic Train Control and Cab Signals. The
report on this subject is more or less of a statistical nature. On page 199 is shown a

table of miles of track and miles of road and number of equipped locomotives. This

table was made up as of September 1, 1934.

The Committee checked it a few days ago as of March 1, 1935, and found it sub-

stantially correct to date. If any member of the Association requires absolutely accurate

figures, he may secure them by addressing the Secretary of the Train Control Com-
mittee in Washington.

On page 200 there is a brief report on Automatic Interlocking, Dual Control Selectors

for Switches, Facing Point Locks for Spring Switches, Remote Control, Centralized

Traffic Control and Car Retarders. These are a few of the more important new devel-

opments in railway signaling and are presented for your information and as ;i progress

report.

If there are any questions, the Committee will be very glad to try to answer them.

Vice-President Robert H. Ford:—This Committee, for all practical puri^oses, is a

liaison committee between this Association and the Signal Section of the Engineering

Division.

Chairman P. M. Gault:—Under Appendix B we report on the principal current ac-

tivities of the Signal Section, AAR, by synopsis, supplemented with list and references by

number of adopted specifications, designs and principles of signaling practice. Under ap-

propriate headings are shown the various activities of the Signal Section. There is one

correction; page 202, Specifications Revised, about the middle of the page, Air-Cooied

Transformer, old number 8330 and 14328, new number blank. The blank should be 8334.

On page 204 is shown a list of forms and drawings to be removed from the Signal

Section Manual. This also is presented as information and as a progress report.

This concludes the report of Committee X.

\'ice-President Robert H. Ford:—You have heard the report of the Committee.

It will be received as information, and the Committee is now excused with the thanks

of the Convention (Applause).

Mr. Edwin F. Wendt (Consulting Engineer—by letter) :—The report of the Com-
mittee is a valuable contribiition to the work of the Association. Bacon wrote, "There

be three things which make a nation great and prosperous—a fertile soil, busy workshops,

and easy conveyance for men and commodities from one place to another."

The Signal Committee has worked out a system of safety devices which make it

easy and safe for railroads to expeditiously transport persons and property.

110 years ago, in 1825, there was not a mile of railroad, not a single automobile, not

an airship, no telegraph, cable, or wireless communication, no transmission of intelligence,

culture or amusement through the ether, anywhere in the world. To-day there are in the

world more than 790,000 miles of steam railroad, in excess of 33,000,000 automobiles,

approximately 14,000 civil aeroplanes available for commercial uses, and almost 33,000,000

telephones.

I hope the time will come when the Committee on Signals and Interlocking will be

authorized by the Board of Direction to study transportation as a whole, imUidin^' rail-

ways, highways, waterways, and airways.
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DISCUSSION ON IRON AND STEEL STRUCTURES
(For Report, see pp. 631-780)

(Vice-President Robert H. Ford in the chair.)

Mr. G. A. Haggander (Burlington) :—The report of this Committee is found in

Bulletin 374, starting on page 631. Progress is reported on the following subjects:

Specifications for fusion welding and gas cutting for steel structures.

Design of rivet heads for steel structures.

Stresses in wire rope bent over sheaves.

Different grades of bronzes to be used for various purposes in connection with iron

and steel structures.

Design of expansion joints involving iron and steel structures.

Design of tension members, and connections in which rivets develop tension.

Special assignment: Effect of proposed increase in vehicle weights on highway

bridges.

Reports are presented for your consideration on the following subjects:

Revision of the Manual.

Tests of steel columns and formulas for design.

Methods of strengthening existing structures.

Use of alloy steels for structural purposes.

Impact—railway bridges.

Bearing value of small rollers.

These will be taken up in order. Revision of Manual, Appendix A, page 632: It

is recommended that the "Specifications for Waterproofing and Drainage of Solid Floor

Railway Bridges" (pages 1171-1180) be deleted, as the Specifications prepared by the

Special Committee on Waterproofing of Railway Structures will replace them.

The reason for this revision is obvious. I move the adoption of this recommen-

dation.

Mr. A. R. Wilson (Pennsylvania) :—I second the motion.

Vice-President Robert H. Ford:—It has been duly moved and seconded that the

material referred to by the Committee be withdrawn from the Manual. Are you ready

for the question? All those in favor signify by saying 'aye'; contrary 'no'. It is

adopted.

Chairman G. A. Haggander:—It is recommended that material under "Contracting

for Steel Railway Bridges", adopted 1910 (page 1240), and "Column Tests", adopted

1920 (page 1250) be deleted from the Manual.

The material under Contracting for Steel Railway Bridges is very old and to some

extent obsolete. Much of the material is contained in the Specifications for Steel Rail-

way Bridges and Specifications for the Erection of Steel Railway Bridges. The material

under Column Tests was a progress report, and more complete studies are incorporated in

the proposed Specifications for Steel Railway Bridges.

I move the adoption of this recommendation.

Vice-President Robert H. Ford:—Unless I hear objection, the recommendation as

presented by the Committee Chairman will be considered as adopted. The Chair hears

no objection and it will be so recorded.

Chairman G. A. Haggander:—It is recommended that paragraph 41S of the "Specifi-

cations for Movable Railway Bridges" page 1124 be replaced by the following:

"The flanges of the segmental girders of rolling lift bridges shall be symmetrical

about the central planes of the webs. The central planes of the webs of the segmental'

986
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girders shall coincide with the corresponding central planes of the webs of the track

girders. The treads attached to the segmental girders and track girders shall be steel

castings or rolled steel plates and shall not be considered as part of the flanges of these

girders.

"The permissible load in pounds per linear inch of line bearing between treads for

segments having a diameter of 120 inches or more, shall not exceed

r 1 rp— 13000 "I
[(12000+80/))

J [ 3o_ooo J

in which D is the diameter of the segments in inches and P is the yield point strength

of the material in tension in pounds per square inch. The thickness of sole plates and

of the flange of flange-and-web castings shall be not less than 3.00 inches plus 0.004Z).

The effective length of the line bearing for each web shall not exceed the thickness of

the web of the segmental or track girder (including the effective thickness of the side

plates)' plus 1.6 times the least depth of the tread. The edge of the web shall be ma-

chined so as to bear continuously upon the tread. The thickness of the web shall be

such that the quotient obtained by dividing the load by the area of a portion of the

edge of the web whose length equals twice the least thickness of the tread, shall not ex-

ceed one-half of the yield point of the material in tension. Flange angles shall not be

considered as transmitting any load from the web to the treads, and the bearing value

of side plates shall not, exceed the strength of those rivets connecting them to the web

which are included between diverging lines in the plane of the web that intersect in the

line contact between the treads and that make an angle with the normal to the rolling

surfaces at that point whose tangent is 0.8. The load, as used in this paragraph, shall

be the weight of the structure, no addition being made for rolling impact.

"Tho;e portions of the segmental and track girders which are in contact when the

bridge is closed shall be designed for the sum of the dead load, the live load, and an

impact equal to the live load.

"The segmental and track girders shall be fully reinforced with stiffeners and dia-

phragms."

This recommendation is based upon actual experience with movable bridges which

led to tests made at the Engineering Experiment Station of the University of Illinois

under the direction of Prof. Wilbur M. Wilson, a member of this Committee.

I move the adoption of this recommendation.

Mr. A. R. Wilson:—I second the motion.

Vice-President Robert H. Ford:—It has been duly moved and seconded that the

recommendation as presented by the Committee Chairman be adopted. The Chair hears

no objection and it will be so recorded.

Chairman G. A. Haggander:—It is recommended that the "Specifications for Steel

Railway Bridges" (pages 1071 to 1107 inclusive) be deleted, and that they be replaced by

the new "Specifications for Steel Railway Bridges for Fixed Spans not Exceeding 40C

Feet in Length", which are recommended for adoption and publication in the Manual.

This general revision of the specifications has been the major work of Committee

XV for several years. In 1924 the specifications of the AREA and those of the

American Society of Civil Engineers for railway bridges were submitted to the American

Engineering Standards Committee for adoption as a standard. Neither was adopted,

but a conference committee consisting of four members from the AREA and four from

the ASCE was appointed to review the specifications for the purpose of eliminating the

differences.

This committee first met on January 30, 1926, and submitted the specifications on

March 16, 1929. These were referred to Committee XV with a request that they review
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the proposed specifications and make a recommendation to the Board of Direction of

the AREA.

The specifications were very thoroughly reviewed, and at a meeting held May 7,

1931, the Committee concluded that the conference specifications were not adapted to

the requirements of the AREA for the design and construction of railway bridges and

that no action should be taken toward having them adopted as an American standard.

Committee XV further recommended that, to secure the benefit of the extended

study of the conference committee and Committee XV during the period of 1926 to 1931,

the AREA specifications, 1931 edition, be revised. The Committee has devoted a great

deal of its time to this work since then. These specifications were presented as infor-

mation at the 1934 convention. At that time Chairman Wilson called attention to the

fact that this was a thorough revision of the specifications which were first prepared in

1903 and have been revised from time to time. The Committee requested full written

discussion of the specifications as they were presented. A gratifying response resulted.

Many further revisions resulted from the suggestions received. At this time the Com-
mittee wishes to thank those who responded for their cooperation.

There are many major changes to which your attention is called. The recommended

live load is Cooper's E-72, which conforms to heavy locomotives in actual use on many
railroads. The impact formula has been revised in light of new information brought

out in recent years by extensive research and tests made in England and in India by

governmental bodies, and in the United States by Mr. J. B. Hunley of the Big Four, and

others.

A brief monograph on the subject by Mr. Hunley is presented on page 773. It was
found impossible to work up all of the supporting data for publication at this time, but

it will appear in a summer issue of the Bulletin.

The basic unit stress for carbon structural steel has been raised to 18,000 lb. per

square inch to conform to the higher strength of steel specified and the heavier design of

loading. The column formula has been revised in accordance with the latest information.

The ultimate strength requirements of structural steel have been raised from 56,000-

64,000 to 60,000-72,000, and yield point from 30,000 to 33,000 lb. per square inch. This

part of the specification was worked out after close cooperation with the American Society

for Testing Materials, which body has recently adopted the revised specifications foi

steel. A specification for alloy steel has been added to cover the field for this material.

Changes have been made in the amount of live load to be carried by multiple

track bridges, net section of riveted tension members, thickness of web plates,' inter-

mediate stiffeners, lacing bars of compression members, and allowable bearing on ex-

pansion rollers. Many other changes have been made. In fact, every part of the

specification was thoroughly considered and revised where found desirable.

Bridges designed in accordance with these specifications will be better balanced and

more economical for the same carrying capacity than those designed under the present

specifications. We feel that these specifications represent the best current practice.

I will now read the sub-headings of the specifications which begin on page 633,

Bulletin 374. The specifications, aside from the index, really begin on page 640.

"Specii'ications for Steel Railway Bridges, for FLxed Spans Not Exceeding 400

Feet in Length—1935."

"FOREWORD." Going to page 641, under Section A—Proposals and Drawings:

"Definitions of Terms, Proposals, Shop Drawings, Drawings to Govern." Page 642:

"Patented Devices, Notice to Engineer, Materials, Type of Bridges, Spacing of Trusses,

Girders, and Stringers, Depth Ratios."
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Mr. Theodore Doll (Santa Fe) :—I should like to ask a question, for information,

about this article on depth ratios. The corresponding article in the specifications of

1920, 1923, 192S, and 1931, contained a clause to the effect that if depth ratios smaller

than these were used, the section should be so increased that the maximum deflection

would not be greater than if these limiting ratios had not been exceeded. The new
specification recommends certain depth ratios, but does not place any limit on the de-

flection. Now, because of this change, I should hke to ask the Committee the following

question: Is it the intention of the Committee to place no limit on the maximum de-

flection that may be allowed?

Chairman G. A. Haggander:—That question was given a great deal of study by the

Committee, and the reason it was given this study was we introduced a new type of

steel, alloy steel, in which the deflection is greater than the carbon steel for the same

loading. That is, if you have 18,000 lb. stress in carbon steel and 24,000 in alloy steel,

there will be one-third more deflection in alloy steel. That presented a new problem

to us, and we attempted very hard to work it out on a more scientific basis, trying to

work out the amount of deflection that was objectionable. We could not work that

out, and we could not arrive at any result. We thought, in fact, the matter of deflection

had been overemphasized in the past. It is hard for anyone to say whether a one-inch

deflection in a 100-ft. span is objectionable, or whether it should be two inches. We
are leaving that to the judgment of the Designing Engineer and not trying to cover it

for that reason.

Mr. Theodore Doll:—I raised the question because I thought the answer should

be in the record. I am entirely in accord with the attitude of the Committee. To take

an extreme case, we know from experience with timber trestles that deflections of from

^-inch to ^4-inch in 14-ft. panels; that is, deflections of 1/336 to 1/224 of the span,

do not hamper operation. On the other hand, there may be structures in which it is de-

sirable to limit the deflection, such as badly skewed spans, or multiple-track beam-

subways having relatively thin concrete decks. Just such a case recently arose in our

own work, and additional cases are certain to arise, particularly in the design of spans

over streets and highways. It would seem, therefore, that the Engineer should not

only be cautioned, as in the proposed article, but also specifically authorized to limit

the deflection, to strengthen his hand, where needed, in dealing with state, city and

county authorities.

I should Uke to move, therefore, to amend Article 104 by the addition of the fol-

lowing sentence: "The Engineer shall Umit the deflection, where needed, to a maximum
amount suitable for the type of structure and the conditions of operation."

Vice-President Robert H. Ford:—The speaker is discussing Article 104, page 642.

Mr. Theodore Doll:—Let me insert "computed" in there, "The Engineer shall limit

the computed deflection", if you please.

Chairman G. A. Haggander:—I would say, Mr. Doll, under these specifications the

Engineer has that option. I think that we cannot tie him down too closely on every-

thing, and he must use his judgment. I think there is nothing in here preventing that

use of judgment. I know in our office we have the same problem of these skewed spans.

We have to be very careful of the riding qualities, but it is very difficult to cover that

specifically. I feel that the Engineer in charge should be depended upon to look after

those things.

Mr. Theodore Doll:—^What I wanted to do was not to limit the Engineer but to

strengthen his hand in dealing with the city, county and state authorities. I believe

that the suggested revision doe? that. It is not going to limit the Engineer in what he

does; it is going to help him.
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Chairman G. A. Haggander:—I think your idea is all right. It is a question of

whether we need to put it in or not. That is the only question. I think your idea is

all right.

(The amendment was regularly seconded).

Vice-President Robert H. Ford:—It has been duly moved and seconded that an

addendum be made to paragraph 104.

Chairman G. A. Haggander:—It is a question of whether we should fill the specifica-

tions fuU of those things which are matters of judgment.

Vice-President Robert H. Ford:—The Committee feels they cannot accept the amend-

ment. It is therefore for the Convention to decide. Are you ready for the question?

Mr. Geo. S. Fanning (Erie) :—I should like to ask if this suggestion has ever been

made to the Committee before so that they have had an opportunity to consider it.

Chairman G. A. Haggander :^—I do not recall, in the comments we have had, that

suggestion. We have discussed the clause very often in our own committee-work. I

do not recall that this suggestion has ever come up before—this particular wording.

Mr. Geo. S. Fanning:—The reason I raise that question is this: I understand this

specification was printed last year for information. I beheve that any comments which

involve a change in the text should have been in the hands of the Committee a long

while ago, and unless they are very important, I would say they should not be made.

Vice-President Robert H. Ford:—Any further discussion?

Mr. L. W. Skov (Burlington) :—It seems to me that, if the depth ratios that are

given in the specifications are followed in designing structures, even where the skew is

quite bad, there should not be great trouble. In most skewed spans, particularly the

beam spans, that feature can be largely corrected by the addition of proper diaphragms.

For other spans, it seems to me that no one would get into trouble with any city as

long as the depths were made what this specification calls for. If beams of smaller

depth ratio are designed than what is called for, necessarily the derigner must take care

of that condition in some way, and I do not see that anything in the specification would

help much under those conditions.

Vice-President Robert H. Ford:—Any further discussion? The ques't'on is on tha

amendment. All in favor of the addendum as suggested by Mr. Doll will say 'aye';

those opposed 'no'. The motion is lost and the Committee is supported.

Chairman G. A. Haggander:—The next heading is "Clearances, Dimensions for Cal-

culation', End Floor Beams."

Mr. C. H. Sandberg (Santa Fe) :—Referring to the last sentence in this article,

this seems to be a rather hard and fast rule governing a detail of design. It would

seem desirable to add to this article to permit the use of some other method of lifting

the span besides by the end floor beam.

On a recently designed 200-ft. double-track skewed span, the bridge seat was wide

enough to permit a jacking point on the lower chord in front of the shoe. If we had

been required to provide for lifting this span by the end floor beam, it would have

been both difficult and expensive to do so as this truss had a shallow transverse floor.

To take care of this point, I move therefore to amend this article by adding to the

second sentence the following: "unless other provision is made for conveniently lifting

the span."

Vice-President Robert H. Ford:—It has been duly moved and seconded that the

addendum suggested by Mr. Sandberg be added to paragraph 107.

Chairman G. A. Haggander:—I realize that the conditions Mr. Sandberg mentioned

are liable to come up. We will accept that, Mr. Sandberg.

Vice-President Robert H. Ford:—The Committee accepts the amendment.

Chairman G. A. Haggander:—"Skew Bridges."
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Mr. C. H. Sandberg:—In regard to article 108, this seems to be another unneces-

sarily hard and fast rule governing a detail of design. In writing this article, I assume

the Committee had in mind open deck bridges. On ballasted deck structures this pro-

vision of squaring up the ends of the supports is not usually followed.

Therefore, to take care of this feature, I move to amend this article by adding the

following: "if practicable."

Mr. Theodore Doll:—I second the motion.

Chairman G. A. Haggander:—Regarding this, I do not agree with Mr. Sandberg in

that case. This states "the ends of the supports for each track." In the open deck

bridge we certainly want the supports squared. That is, the support for the open deck

must be square with the track. In the case of a ballasted deck, we also want the sup-

port for the ties square with the track. We do not want a skewed end on a ballasted

deck so that one end of a tie is rigidly supported and the other is not. This does not

mean that the steel work must be squared up. It rrieans that the structure supporting

the track must be squared up. We can do that either by squaring up the back wall

of the abutment or by placing a little concrete slab on the fill which wUI square it up

and in that way get the support for the track.

Mr. L. W. Skov:—Mr. Haggander answered the question I was going to ask, whether

in this specification he meant to square the steel or whether any other method could

be used.

Chairman G. A. Haggander:—This is squaring the ends of the support for the track,

not necessarily the steel work.

Mr. A. N. Laird (Grand Trunk Western) :—I think every railroad in this country

has built dozens of ballasted deck structures in which they have not squared any por-

tion of the ends of the spans with track. I think on short spans, particularly eye-beam

spans, it is current practice to leave the ends skewed corresponding to the under portion

of the opening. I feel that this section of the specification should be specifically worded

to refer to open deck construction.

Vice-President Robert H. Ford:—The motion now pending is, shall the words "if

practicable" be added?

Mr. A. N. Laird:—My discussion was as between open deck and ballasted deck con-

struction. If this specification is intended to apply to all construction, then I feel that

it is wrong, but if it is intended to apply only to open deck construction, it is satisfactory.

Chairman G. A. Haggander:—It was intended to apply to all construction, bal-

lasted or open deck.

Mr. Theodore Doll:—Here is another case. Why give the Engineer a hard and fast

rule? A little while ago I was sat on mistakenly because somebody thought I wanted

to make a hard and fast rule. Here is actually a hard and fast rule. Why not give the

Engineer a little latitude? By adding the words "if practicable," you give him that

latitude, otherwise the specification forces him to do something that may not be his own

good practice. He may find it has not been necessary. It has not been necessary on the

Santa Fe. Especially on a structure with a waterproofed concrete deck, it is too hard to

work in the membrane waterproofing if the parapet wall is zig-zagged.

Mr. A. G. Dorland (Elgin, Joliet & Eastern):—Just one thing here in the wording

"square with the line of the track." I suppose you mean perpendicular to the line of

track. I think "perpendicular" would be better wording than "square with". Anyone

would understand it if it was "perpendicular to."

Chairman G. A. Haggander:—We will consider that. It is a matter of wording.

I believe that is a minor matter that we will consider and possibly change it if it seems

best. I think it is a good deal a matter of whether we want to have the end of the



992 Iron and Steel Structures

ballasted deck on an angle with the track and not give the same support for the tie

throughout its length, or whether we want to have the same support for the tie through-

out its length. I think that is the whole question that is involved here.

The Committee felt that we should have the same support for the tie throughout

its length.

Vice-President Robert H. Ford:—The attention of the Committee Chairman is di-

rected to the interrogatories from the floor. It will facilitate matters if he will say

whether his Committee is willing to accept the altered wording.

Mr. C. C. Westfall (Illinois Central) :—I think this specification should be limited to

open deck, because, as Mr. Laird said, there are probably hundreds of ballasted deck

bridges which have skewed ends which are not giving trouble.

Vice-President Robert H. Ford:—The question before the Convention is the addi-

tion of the words "if practicable" in Article 108. Is there any further discussion?

Mr. A. C. Irwin (Portland Cement Association) :-—I would like to offer an amend-

ment to this suggestion, if I can get a second from the original mover, that is, that you

insert after the word "of" the words "open deck."

Mr. C. H. Sandberg:—I second it, and I withdraw my previous motion.

Vice-President Robert H. Ford:—Mr. Irwin, will you please read the paragraph

as you would have it ?

Mr. A. C. Irwin:—Paragraph 108: "At the ends of open deck skew bridges, the

ends of the supports for each track shall be perpendicular to the line of the track if

practicable."

Vice-President Robert H. Ford:—If there is no objection, we will pass the para-

graph temporarily.

Chairman G. A. Haggander:—We can consider that.

"Floor, Loads and Forces, Dead Load, Live Load."

Mr. Meyer Hirschthal (Lackawanna) :—I am one of those who wrote in a discus-

sion on this proposed specification, and I am rather in a quandary just how to approach

this matter of loading. My discussion pertains both to loading and impact. In the

many meetings of the Masonry Committee where the subject of loading came up, there

was, naturally, considerable discussion as to what should be the standard loading to de-

sign a structure by. This discussion carried on to the extent where it was necessary to

bring it to a head, and a resolution was passed whereby I was authorized to apply to the

Board of Direction for action to take consideration of the appointment of members of

Committees VII, VIII and XV for the purpose of obtaining a standard loading which

would apply to all structures of whatever material.

The reply was that the Chairman of Committee VII was satisfied to go along with

the proposed loading as contained in these specifications, and that a committee was not

necessary, or representations from the various committees were not necessary to decide

this subject.

I want to point out, in this connection, the fact that engine loadings, train loadings,

have undergone a change not only in intensity but in character. As I pointed out in my
discussion to the Chairman of this Committee, the loadings on the tender have changed

entirely from the E-Cooper loading. The reply that the impact allowance is applied

to the tender loadings, tender concentrations, does not satisfy me. I think there is some

other way of taking care of this.

Another point is the fact that this loading is unbalanced by virtue of the fact that,

with the increase of loading, the increase of the uniform load follows simultaneously.

This 7200 lb. per linear foot for a 40-ft. car means 288,000 lb., and to my mind it is

almost impossible to get this load on a car of that size. The increase in loading of cars
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is likely not to follow at all the increase in loading on locomotives, because the tendency,

in my mind, is in the other direction. I feel that both the Cooper loadings and the

standard loading as proposed previously do not take care of our troubles at the present

time, that there ought to be a loading agreed upon which would meet the conditions with

which we are now confronted. Since we are making a radical departure from present-

day practice, we should make it radical.

On the subject of impact, I feel, in the first place, there should be a distinction be-

tween impact allowances on open floor bridges and those on solid deck bridges. Mr.

Hunley's discussion corroborates my claim. The British tests have undoubtedly shown

that heavily loaded spans show remarkably changed impact conditions than those that

are lightly loaded; that is, a ballasted deck is likely to have a different vibration coeffi-

cient, if you might call it such, than will an open floor bridge. I feel that that should

be differentiated and taken care of in this specification.

The lurching effect is not an impact condition at all. It is a matter of eccentric

loading. If you get a lurching effect whereby the wheel load is transferred to one

track, one rail or the other, that is not impact at all and should not be considered as

an impact.

Another point I desire to point out is that in connection with the number of tracks

loaded and the amount of loading to be taken on each. The specifications call for in

the case of three tracks, full live load on two tracks and one-half on the other track.

Do you mean half the span loaded? Do you mean half of the loading?

Chairman G. A. Haggander:—Half of the loading.

Mr. Meyer Hirschthal:—I imagine that could be straightened out in the wording.

Another point that I desire to call attention to, which I did in my letter, is that in con-

nection with centrifugal force. The provision tiow calls for the application of centri-

fugal force at 6 feet above top of rail, including impact. How can you possibly have

a hammer-blow 6 feet above top of rail? I cannot see the wisdom of providing for a

point of action at 6 feet above top of rail and yet include such an item as hammer-blow

impact.

As I said when I started, I really have no suggestion for action to take except pos-

sibly to omit this part of the specification to be referred to as a standard loading and

impact consideration for general action by the Board of Direction.

Chairman G. A. Haggander:—We will answer these, Mr. Hirschthal, as we come to

the special paragraphs. We are now considering the live load. I will say that the Com-
mittee spent a great deal of time on this matter of live load. We figured the Cooper

loading, which is a 2-8-0 engine, which is not generally used at the present time. It is

a typical loading only. We considered the Steinman loading, the M loading, which is a

2-10-10-0 engine. We considered another loading, which really would be the modern

tendency, or a 2-12-0 loading, with a very heavy tender similar to the large tenders that

are being operated now. We also figured uniform live load with moving concentrations

or moving superimposed live load. We went into the figures very carefully. We worked

out the maximum moments and shears for the largest present-day engines. We then

worked out the same figures for these various types of loadings, and none of them came

any closer to the standard, to the present-day usage, than the Cooper's loading. One

would vary a little one place and another in another place. Our conclusion was that

we could not submit a live load which would more nearly represent the present-day

loading, that is, the effect on the bridges than the Cooper's loading.

On top of that we have the fact that all railroads are using the term, Cooper's

loading. They are all familiar with it. The operating officers and the engineering offi-
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cers are familiar with the term Cooper's loading, and most of us have our bridges rated

in terms of Cooper loadings. For all of those reasons we came back to Cooper's loadings.

There was a great deal of opposition at first, but the Committee finally came to-

gether and agreed on it very generally. While the engine does not represent the modern

engine, it does represent the effect of our modern engine on our bridges.

Mr. Hirschthal brings up the matter of loading on the multiple tracks. We mean

there one-half of the live load on the other track.

Mr. Theodore Doll:—Can we take the articles in order, please?

Chairman G. A. Haggander:—We are working under the live load.

Mr. Meyer Hirschthal:—Might I suggest that, if you change that to one-half the

intensity, that is what you mean, instead of E-72 you will have an E-36 engine. Change

that to one-half the intensity, because one-half the live load merely means one-half the

bridge loading, in arch parlance.

Chairman G. A. Haggander:—We will clear that up. The next subject is "Distribu-

tion of Live Load, Impact."

Mr. Theodore Doll:—In reading Mr. Hunley's paper on impact, in Bulletin 374,

which is intended, I assume, to serve as an explanation of the new impact specification,

I find it stated, on page 773, that the overbalance on the drivers of the two-cylinder

steam locomotive causes the largest amount of impact, in most spans, and that this

force varies with the square of the speed. Now, this is just one way of saying that

speed is an important factor in impact, a fact that certainly must be known to everyone

present. Again, at the bottom of page 774, it is stated that all of the factors and causes

of impact were taken into account in the determination of the proposed new impact

formula, and one naturally assumes that speed was one of the factors included. This

raises a very important question, therefore, which I should like to ask the Committee.

The question is this: "For what speed of steam locomotive was the proposed new im-

pact formula computed?"

Chairman G. A. Haggander:—I will answer these questions, as far as I can. I will

say that this was worked up for 7 revolutions per second, of the driver. On the 72 -in.

driver, that would be 90 miles an hour. If you have a 78-in. driver, which is common
nowadays, it would be 97 miles an hour, and so on.

Mr. Theodore Doll:—As I have already stated, it is well-known to everyone here

that speed is an important factor in impact. In these days, when trains are being oper-

ated at increased speeds, it is becoming a more increasingly important factor than ever

before. The question of the effect of speed on impact is being raised, moreover, in

other quarters. The governmental authorities having to do with the construction of

new crossings over streets and highways are beginning to question, rightly, the necessity

for the use of needlessly high impact values for beam and girder spans through cities,

through railroad yards, and near stations. Two cases have arisen on the Santa Fe with-

in the past year, in which the authorities have required us to accept reasonable impact

values for just such conditions of operation as have been described. Fortunately the

Santa Fe was able to cooperate fully and without hesitation in these cases, because we
have developed an impact formula, based upon field measurements, that does express

the impact in terms of both span length and speed.

In deriving our impact formula we made use of the experiments made by the

AREA and published in Bulletin 125, July, 1910; and of additional deflection measure-

ments that had recently been made on our own spans. We should have been glad to

include Mr. Hunley's impact results, but they were not available. We plotted all of

the measurements for speeds of 20 miles per hour and less on one graph; for speeds of

40 miles per hour and less on another graph; and for speeds of 60 miles per hour and
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less on a third graph; and found, as was to be expected, that these sets of observations

formed distinct groups, with upper envelope curves of quite regular contour. An equa-

tion for these envelope curves was easy to derive, and we adopted one having the form

/ equals 300 over the sum 26,000 over V plus Z," over 64, where / is the impact, V the

speed in miles per hour and L the span length in feet. Now I do not pretend that this

is the last word in impact formulas, but I do claim that it shows conclusively that an

improvement can easily be made over the formula expressing impact merely in terms

of the span length.

Just five more briefly stated points and I shall be through. First, I would mention

that the impact effects on spans of indefinitely large deflection, as now permitted by Ar-

ticle 104, will undoubtedly be considerably different from those computed by Mr. Hunley

for typical spans, and used as the basis for his formula.

Stcond, the curve of the proposed formula is really just an envelope, and therefore

the claimed superiority of the envelopes of other formulas is open to question.

Third, I would suggest that members plot the proposed formula against the obser-

vations recorded in Bulletin 125, and note the values, between spans of 100 ft. and 210

ft., that lie above the curve.

Fourth, it should be determined whether 100 per cent is actually the maximum value

at high speeds.

Finally, because of the reasons already given, it seems as if an impact formula in

terms of speed, as well as span length, is needed not only for determining the rating of

old spans, but also for new designs.

I am not going to move to amend the proposed formula, at least not at present, but

would suggest that this matter be given further consideration and that the Committee

be instructed to derive a formula containing a factor for speed.

Chairman G. A. Haggander:—Mr. Doll, I will say in that regard that the matter

of speed was not considered as a necessary separate function in the design loading. That

is, the speed for, say, a 40-ft. span, the highest maximum effect might be produced at

90 miles an hour. On the 400-ft. span it might be down to 25 miles an hour.

In considering this formula we have taken a speed that produces the maximum effect

on that span. That speed will vary widely for different lengths of span. When we
come to rating old bridges, then the speed is a very important item, and we do intend

to bring that out in our proposed revision of rules for rating old bridges.

If there is any further information you want on this formula before adoption, I

would like to call on Mr. Hunley who has been making these experiments.

Mr. Theodore Doll:—My point is, as I mentioned in my discussion, that we have

been called upon to reduce speeds on new structures, and justiiiably so, because they

were structures over which trains would not be operated at high speeds—low speed

service. I believe the governmental authorities are going to require that increasingly

from now on, and not waste money building heavily designed structures in places where

they are not necessary. Therefore I feel that there should be a speed factor in the im-

pact formula for design as well as in that for rating existing bridges.

Chairman G. A. Haggander:^! think that in the discussion which will be printed

soon, anyone wanting to arrive at the speed factor can do so from that discussion. I

want to ask Mr. Hunley if he will tell us if it is practical or not to put a speed factor

in this formula for new design.

Mr. J. B. Hunley (Big Four):—Mr. Doll should have had a better understanding of

this whole impact question, as he had the advantage of reading the report of Com-

mittee XV which was sent out a year and one-half ago.
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This impact formula provides for the maximum impact which can occur, with an

engine that has the maximum amount of overbalance. It takes into account shallow

spans and deep spans, and, contrary to Mr. Doll's statement, the shallow spans have

less impact than deep spans, because their frequency is lowered.

It is based on the speed which produces the maximum amount of impact. On a

30-ft. span the maximum impact might occur at 9 revolutions per second, but seven

revolutions per second is as fast, I think, as any engine can run; usually it is assumed

at 6. In our test we found speeds as high as 6^ revolutions per second. Seven revo-

lutions per second with the 63 -in. driver of the ordinary freight engine is equivalent to a

speed of about 77 miles per hour. With the 79-in. driver of a passenger locomotive it is

practically 100 miles per hour.

On short spans this impact is based on an assumed maximum speed of 7 r.p.s.

That controls on the short spans on a 100-ft. deck girder span—I am talking now of

spans loaded to capacity—the maximum impact occurs on a speed of about 45 miles per

hour. On a 50G-ft. span the critical speed or the speed at which the impact is the

maximum, is about 12 to 15 miles per hour. That shows in part the absurdity of the

old impact formula. It provided that if the speed were less than 20 miles per hour, the

impact should be reduced by one-half. Twenty miles per hour is the critical speed on

a span of about 250 feet. If the speed were reduced to 20 miles an hour on a span of

that sort, you would have the greatest impact effect.

Undoubtedly a speed reduction will reduce the amount of impact, but that speed

reduction must not be expressed in miles per hour or revolutions per second; it must be

expressed as a proportion of the critical speed. In other words, if we say, "I will run

half speed on a SOO-ft. span," that half speed must be about 5 or 6 or 7 miles per hour.

This formula is based, as I say, on the critical speed. The maximum possible speed was

assumed to be 7 r.p.s., which governs for short spans, and the critical speed was used

for the longer spans.

It is unfortunate that the report of our test could not be printed before this con-

vention, but as is the case with other railroads, our force is limited. We missed it by

just about a month, and in order to complete it at that time it would have been necessary

to omit the spans with the ballasted decks, and it seemed advisable that I prepare a

brief statement of some of the causes of impact and method by which this formula was

derived, to be followed by the complete report.

In that report there is a section on rating bridges, which will give a method of

computing the amount of impact in any span, under any loading and with any engine

for which we have the counterbalance report. It will also show how to compute the

impact for any speed, other than the critical or synchronous speed, but there is no

simple way of expressing in the formula the reduction in impact due to some other

speed than the critical speed. On a 500-ft. span, a change in speed of a mile an hour

may reduce the impact something like 40 or 50 per cent. On a short span, it is neces-

sary to make a far greater change to give a like reduction, and it is practically impos-

sible to put that in a formula.

The reason there was no formula given for bridges with ballasted decks is because

as yet we are not very sure about it. The spans which we tested had concrete decks

which were poured in place, and concrete deck acted as so much flange area, and those

spans had very high frequencies. On a 50-ft. or 60-ft. span having a deck of that type,

it is impossible to attain a speed high enough for synchronism. The damping factors in

such spans are high, and, consequently, we find less im.pact. The formulas given un-

doubtedly are safe for spans with ballast decks, but if we find that the impact on such

spans can be materially reduced, that fact can be presented later.
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Mr. Doll also referred to the impact tests which he had plotted. In the short dis-

cussion on impact which follows the specifications, I have tried to point out the er-

roneous conclusions which may be reached by plotting measured impacts obtained on a

span which is loaded below its capacity, and using those measured impacts to predict

the impact on that span when it is loaded to capacity. Tf a span is loaded to give

a static stress of 10,000 lb. per square inch, we are not all interested in what the impact

is at that time, but we are very much interested in what the impact will be when th(.se

spans are stressed up to 18,000 or 20,000 or 26,000 lb.

With the same relative amount of hammer-blow to total load, the impact on a span

which is stressed to only 10,000 lb., may be twice what it will be when that span is

stressed to 20.000 lb., simply because the critical speed is so much higher at the lower

stress and, as pointed out, the hammer-blow varies with the square of the speed, and

the impact is directly proportional to the amount of hammer-blow. This accounts for

the high values of impact given by the old formula for spans in the neighborhood of

80 to ISO or 200 feet in length, as most of those tests were made with loading giving

small stresses and high impact in the spans.

Mr. Meyer Hirschthal:—I would like to ask Mr. Hunley one more question. Did

the Committee consider a variation in the impact on the columns of bridges where

bridges are supported by columns—steel columns? I see no mention of that fact in any

part of this. It just struck me this morning.

Mr. J. B. Hunley:—That is treated in the Bulletin which will appear. The old

impact formula was based on the loaded length which, for a floor beam, meant the

load which gave you the maximum floor beam reaction. You will notice that in the

new formula it is based on the length of the floor beam. The reason for this is that

we must always work with the frequency of the member for which we are trying to

find the impact.

Mr. Meyer Hirschthal:—How would that affect the column?

Mr. J. B. Hunley:—That very question of columns and hangers is treated in the

forthcoming Bulletin. A column or a hanger has the same period or natural frequency

as that of a coil spring supporting a weight producing the same elongation. I believe

a column or hanger stressed to 10,000 or 12,000 lb. per square inch would have to be

about 75 feet long before the frequency would be as low as 6 or 7 per second, so that

'there could be no magnification in shorter members, due to synchronism. But this very

question of columns and hangers will be treated in the report on our tests.

Mr. A. C. Irwin:—It seems to me that through the years this subject of impact on

bridges has been a veritable Pandora's box. Every time the question is opened, some-

thing happens to the mentality of the men who are considering it.

Years ago the Iron and Steel Structures Committee had an investigation on the

subject of impact. I had the good fortune to be one of the party of youngsters at that

time, or comparatively so, to make those tests. In the Proceedings for 1911 the Com-
mittee reported upon the principles governing the impact on railroad bridsces. The e

has been nothing since that time that shows there was anything much lacking in that

report with respect to the principles announced.

As to those principles, the report of the British Bridge Stress Committee has m t

changed one of them. That report says, and so does the AREA report of 1911, that

for short spans you have a simplified condition of impact. The principal origin of im-

pact is the centrifugal force of unbalanced drivers. Synchronism of the throw of un-

balanced revolving parts in drivers with the period of swing of the loaded bridge builds

up the amplitude of swing and produces maximum stress in the main members. You can

not have synchronism on a short span because the swing is too rapid, and there can he
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but one, or at the most two applications of the centrifugal force effect. This, I believe,

will be admitted by the Committee.

So the impact on a short span is not as complicated as on a long span.

The Committee is to be complimented for the splendid work they have done on the

complicated problem of impact on long spans, but I am not at all satisfied with the

treatment of short spans. Impact on short spans is a relatively simple matter. The
centrifugal force effect can be determined accurately for a given maximum application

of the overbalance of the driver. li W ^ the unbalanced weight in pounds, r = the

radius of the center of gravity of the overbalance, 5 = the speed that the locomotive

267^ Wr
passes over the bridge, and D = the diameter of the drivers, we have /=—mnn O"

^^

the impact factor for the centrifugal force augment. This is applicable for spans of not

more than 35 or 40 feet. For spans so long that synchronism can be established, the

effect is much more complicated.

In my opinion, the impact formulas should be separated as between those that can-

not possibly be affected by synchronism and those that can. The short span bridge

can be treated and should be treated separately from the long span bridge.

In addition to centrifugal force there are the eft'ects of open rail-joints, flat wheels

and lurching. The open rail-joint produces the only true impact. It is a blow. The
overbalance cannot produce a blow. The vertical component of the motion or the

overbalance, as it changes from the horizontal position to one over the rail is a decel-

eration, not an acceleration, so that when the overbalance is just above the rail it has

practically no acceleration in a vertical direction. How can it be a blow? It is jut

so much addition to the live load. .'Vn open rail-joint does produce a blow, but the

kinetic energy of that blow is absorbed on a ballasted deck bridge by the track and

ballast, and very little of it ever gets to the main members of the bridge. The flcr

system of an open deck bridge would be affected to a greater extent, but the fcrmul's

proposed make no distinction between either types of floor or design.

Rail-joints may be welded up, and lurching is a matter of track maintenance.

I would like to ask Mr. Hunley if he has tests on short span bridges that wi'l

show that the formula they have proposed is not way beyond what it ought to be?

Then I have a suggestion as to a correction that I wish to offer as a motion on the

heading of this impact section.

Mr. J. B. Hunley:—Mr. Irwin has stated the fact in so far as to short span bridges,

and the impact in such spans as represented by this formula has been computed in that

manner, that is, with no magnificat'on on spans whose loaded frequency is greater than

7. The impact on a 10 or 20-ft. span, with about the maximum expected amount of

overbalance on the drivers, is about 71^2 per cent. The formula of 100— 0.6L ircludes

the low joint effect as well, which represents the other 30 or 35 per cent. I do not care

whether you call it impact or not, it is an addition to the live load. Personally, I am
not sure but what this ought to be a little higher, but the difference is not large enough

to quarrel about.

The most complete tests on the eft'ect of low joints were those made by the Brit-

ish. They worked with short spans, first using continuous rails without joints. There

rails were then replaced by jointed rails, and I understand from their report that vari-

ous width of joint opening were used. After making these tests, they found that it was

quite difficult to get very definite values for the low joint effect and finally conceived

the idea of using a concentrated load placed at the center of the span, this load being

approximately 375 IV' pounds per track, in which N is the revolutions per second of

the driver. The proposed formula includes for this effect a load of 500 N" pounds.
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In other words, we have increased the British allowance by about 50 per cent, as cur

locomotives are about 50 per cent larger than those used in their tests. At 7 r.p.s.

this gives a concentrated load per rail, at the center of the span, of 12,500 lb. On
spans up to about 8 ft. in length, the low joint impact is 34 per cent; for longer span?

it drops down quite rapidly, being about 1 per cent on a 100 ft. span. This effect can

325
be expressed very closely by the formula- r .

There were some tests made in Switzerland in the nineties, I believe, at least they

are referred to in Vol. 11, of the AREA Proceedings containing the report of the former

impact tests. The effect of track inequalities or of the low joints, as given by the

325
formula which they suggested, fits closely this—r— after the terms have been converted

from meters into feet. We know that it is on a short span that the low joint effect is

large; on long spans it is negligible.

In our tests we had some low joints located near the center of spans of 30 or 40

feet in length. But it will be realized that to get the maximum effect, the counter-

weight on the driver must be in such a position as to produce the maximum down-

ward oscillation when the driver strikes the joint. If the counterweight happens to be

in the upward position at that time, the upward oscillation is simply reduced. We
are only interested in the downward oscillation, because that gives the maximum stre s

and the condition producing the maximum effect is rarely encountered during test runs.

I think the ideal way to make the low joint test would be to use an electric Icco-

motive, eliminating the unbalanced weights on the wheels, electrical devices for measur-

ing stresses rather than deflections, on short spans. But I am sure that the allowance for

low joint impact which is provided for in this formula is safe, but not unduly high ; it

has been verified quite closely by the British tests. The remainder of the allowance is

for the locomotive hammer-blow, and on short spans, it represents only the effect of the

hammer-blow acting statically and unmagnified, just as Mr. Irwin says that it should be

computed.

Mr. A. C. Irwin:—I would like to ask Mr. Hunley if this allowance for an open

rail-joint could possibly apply to the case of a ballasted deck bridge.

Mr. J. B. Hunley:—I confess ignorance as to ballasted deck bridges. Have you

any information, Mr. Irwin, as to what that effect would be?

Mr. A. C. Irwin:—^You mean as to test?

Mr. J. B. Hunley:—The effect of the low joint.

Mr. A. C. Irwin:—I am sorry to say I have not. I hoped that this Committer

would be able some way or other to obtain the necessary funds to find that out. But

I wish to offer now an amendment to Article 206 that will read as follows. I move that

after the word "stresses," the following words be inserted, "for steel bridges with open

floor."

Chairman G. A. Haggander:—In working over this impact proposition, it is very

complicated, of course; it is true that we do not know all about conditions of impact

on all kinds of structures. Wc have more to find out about ballasted deck bridges and

more to find out about the columns, and more to find out about the short span bridges,

but we are reducing the present impact on longer spans materially. We are sure of our

ground on that. We feel that the impact allowance called for here is the maximum
which we will get under the worst conditions. If we have a ballasted deck bridge, we

feel that it may be reduced somewhat. We do not know just how far to go with that.

We would Uke to keep the ground we are sure of. We want to reduce the impact in

accordance with this formula. Later, as we can get funds to continue our research, we
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will go into these other problems and make recommendations for further reductions, if

they are justified. At the present time we do not feel that we can recommend any-

thing lower than this, even though we feel there is a possibility of lower values. But we
do want to keep the ground we are sure of and reduce our present impact to this figure.

Mr. Theodore Doll:—I second Mr, Irwin's motion.

Vice-President Robert H. Ford:—It has been duly moved and seconded that the

words "for steel bridges with open deck floors" be added to Article 206. Are you

ready for the question ?

Mr. J. F. Leonard (Pennsylvania) :—If that is adopted with that further provision,

then impact formulas for ballasted deck bridges are not provided for anywhere in the

specifications.

Vice-President Robert H. Ford:—The question is now on the adoption of the mo-
tion that would add the words "for steel bridges with open floors." All those in favor

will signify by saying 'aye'; opposed 'no'. The motion is lost, and 'the Committee is

sustained.

The statements of the Chairman are very much to the point. These revised speci-

fications are greatly needed and every advance agreed upon is just so much gained. It

will be a good many years before all the moot questions are ultimately determined and

we do not want to spend, say, ten years in order to present technically perfect speci-

fications.

Chairman G. A. Haggander:—I might say that our Committee has from time to

time requested funds for experiments, but due to the conditions, we have not been

allowed to go ahead with them. We have done the best we could.

Mr. A. N. Laird:—I think it must be admitted that this is one of the most vital

sections of the entire specifications. It affects the economy not only of present design,

but the rating of existing structures. I feel that the Committee has made an outstand-

ing contribution in submitting this, and that they have a great mass of data derived

from original experimentation as well as from the correlation of the experiments by the

British Engineers and the former experiments by this Association.

However, I feel that it is not right for this Association to accept even the recom-

mendation of this Committee on a matter so vital where the full substantiating data has

not been published for analysis by the Association members. I wish to move that

Articles 206 and 207 be deleted from these specifications in favor of the existing material

on the subject of impact until this information is available for the Association.

Mr. A. C. Irwin:—I second the motion.

Chairman G. A. Haggander:—I would just like to say a word here. It might be

the impression that this is entirely the work of one man, the conclusions are his own

conclusions, and so on. That is not entirely true. We have used his work, of course,

very largely, but Mr. B. R. Leffler, in the June, 1934, Bulletin 366, subinitted quite an

article on this new impact formula. He worked out his own conclusions independently.

I would like to ask Mr. Leffler to tell the convention about his ideas on the subject.

Mr. B. R. Leffler (New York Central);—I want to tell the Association that when

you are a member of Committee XV you have got to fight in the Committee. When
Mr. Hunley first proposed his impact formulas, I disagreed with him on certain parts of

his mathematical deductions aiid, therefore, I doubted his results. To satisfy myself,

I took the British results; I took the results of the India Railway experiments. Dean

Turneaure furnished the results of the best experiments of the Association that were

made and recorded in Vol. 12 of the Proceedings. I thus had four different sources of

information. Suppose that four different men, widely separated, were asked the same

question and, without any communication with each other, gave the same answer. The
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very laws of probability would indicate they are right in their answer. This is very

similar to what I did in Bulletin 366.

After I had correlated these results from four independent sources, from opposite

diameters of the earth, I was surprised to see how they all fell in harmony with this

principle of synchronism of vibration between a railroad span and the rotation of the

excess counterweights.

1 will admit that to say that for a 500-ft. span the maximum impact may be at

12 miles an hour sounds rather startling, but those are the facts. Article 206 of thi:;

report was thrashed out, and I personally, as I said about this study, satisfied myself

by verifying this report in all its substantial features, and I know that some Bridge

Engineers in this country are rating their existing bridges, saving a good many dollars

by a rational use and interpretation of the British impact results, the best experiments

made under Dean Turneaure years ago, and Mr. Hunley's experiments.

I thought I would reenforce this Article 206 by telling the Association members

that this is not a "half-baked" proposition. It has been thoroughly discussed in the

Committee. I think it is one of the finest pieces of work, on the whole, that has been

IHit out by this Committee.

Vice-President Robert H. Ford:—Is there any further discussion?

Mr. Theodore Doll:—I just want to make one remark. Mr. Hunley said a while

ago that I was mistaken in my previous discussion, concerning impact on shallow spans.

He apparently had the idea I said that the impact would be greater for all shallow

spans; I did not. I gave Mr. Fritch a copy of my remarks; I do not have them here,

but as nearly as I can remember, I stated that the impact would be "considerably dif-

ferent." I know from what I have read about impact that it would be less for lower

speeds on long truss spans.

Vice-President Robert H. Ford:—If there is no further discussion, all in favor of

the motion to delete the two paragraphs will say 'aye' ; those opposed 'no'. The motion

is lost and the Committee is sustained.

Chairman G. A. Haggander:—At this time it might be well to go back to Article

108. I think that is a matter that not only Bridge Engineers are interested in but all

trackmen. It is a matter of support of track-ties, and I think the vote ought to be on

that basis, by all of the members, not just the bridge men.

Vice-President Robert H. Ford:—The Committee is unwilling to accept the motion

to insert the words "open deck" after the words "At the ends of" and to end the para-

graph with the words "if practicable." The question is now, will you accept the amend-

ment made from the floor? All those in favor of adopting the motion will say 'aye';

those opposed will say 'no'. The motion is lost and the Committee is sustained.

Chairman G. A. Haggander:—The next question is centrifugal force. Mr. Hirschthal

has raised the question on impact. I would like to have Mr. Selby answer that ques-

tion.

Mr. O. E. Selby (Big Four):—It is obvious that the hammer-blow delivered by

the counterbalance of the locomotive is not delivered at a point 6 feet above the rail.

Neither is that same hammer-blow dcHvered to the trailer wheels or leading truck whcel.-^

of the locomotive, nor to the tender wheels, but the conception of the impact effect

of the hammer-blow is that it is an addition to the static live load. That conception is

considered in the formula, and that is the almost universal way of looking at it, the

impact is considered as an addition to the static live load ; then the live load becomes the

.static live load plus the impact, and that is the live load that is applied to the bridge.

If it ii* on a curve, it is a|)plied with the centrifugal effect of the curve and the centri-

fugal allowance should be applied to the impact as well as the static live load.
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Chairman G. A. Haggander:—We will pass along to the next subdivision: "Wind

on Loaded Bridge, Wind on Unloaded Bridge, Stability of Spans and Towers, Sway of

Locomotives, Bracing between Compression Members, Longitudinal Force."

Vice-President Robert H. Ford:—I suggest that you take groups and refer to the

page as you go along.

Chairman G. A. Haggander;—When I get up to Unit Stresses, I will do that.

Mr. W. R. Wilson (Santa Fe) :—Under "Longitudinal Force," sub-paragraph (a)

force due to braking, now reads, "15 per cent of the live load reaction on the tower,

without impact, but not less than 350 lb. per foot of track."

"Reaction" would mean only about half of the load on the span would be used if

you were figuring it for overturning of shoes or for a traction thrust, and "on a tower"

would presuppose it were for a viaduct. Therefore I move to amend that by deleting

the word "reaction" and change "tower" to span, making it read: "Fifteen per cent

of the live load on the span, without impact, but not less than 350 lb. per foot of

track."

Vice-President Robert H. Ford:—That is paragraph 214, I believe.

Mr. W. R. Wilson:—Yes.

Mr. Theodore Doll:—I second the motion.

Vice-President Robert H. Ford:—^Will the Committee accept the recommendation?

Chairman G. A. Haggander:—I think we would like to have a minute to look up

our data.

Vice-President Robert H. Ford:—We will proceed. If 'the suggestions reaching the

Committee from the floor are of minor character and do not affect the substance or tech-

nical character, we might perhaps pass them direct to the Committee. We should not,

of course, cut off pertinent discussion on this important subject; nevertheless, we must

not delay action by minor changes. I hope the Convention will keep this thought in

mind.

Chairman G. A. Haggander:—"Reversal of Stress, Combined Stresses, Secondary

Stresses." The next is "Unit Stresses" on pages 15 and 16.

Mr. Theodore Doll:—I should like to have one more discussion and then I will quit.

Vice-President Robert H. Ford:—Mr. Doll desires further discussion on the matter of

Unit Stresses.

Mr. Theodore Doll:—Some forty years or more ago, as we all know, Engineers

decided that steel structures should be designed with a so-called "basic working unit

tensile stress" of 16,000 lb. per square inch. Today, in spite of advances in the methods

of manufacturing and fabricating, and in spite of the advance of scientific and tech-

nical knowledge concerning the strength of steel members. Engineers are yet designing

steel structures with this same unit stress of 16,000 lb. per square inch, and for so-called

"working loads". One day we "design" a bridge for Cooper's E-60 or E-72 live lo"d,

and the next day (or as soon thereafter as we can find time to make the necessary com-

putations) we state, more correctly, that it is strong enough to carry loads about one-

half again as large as the so-called "design" load.

It is true that Committee XV, in these new specifications, has boosted the so-called

basic unit tensile stress liyi per cent, but this boost is more apparent than real, becaurC

the material has been improved, at the same time, by increasing the minimum yield-

point strength ten per cent. It is claimed, in the last paragraph of Mr. Hardesty's

paper in defense of these unit stresses, page 772, that the increase in the yieM point

would not justify increasing the basic stresses, because the steel secured under the new

requitement will, on the average, be practically the same material as the old. On the

other hand, if we now turn to the bottom of page 709 in Mr. Carpenter's paper we find
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it stated that with the greater strength, higher working unit stresses would be permis-

sible for design; thus contradicting Mr. Hardesty. Also, in the Proceedings, Vol. 35,

page 1197, it may be seen that the former Chairman of the Committee asserted that

the increased unit stress was justified by the increased strength, and the Chairman to-

day has made the same statement. The fact is that Mr. Carpenter is right. Under the

old specifications we did get steel with an actual minimum yield point of about 33,000,

and an average of about 35,000, but under the new specifications we are getting steel

with an actual minimum yield point of about 35,000 and an average of about 40,000.

Thus, as stated, the boost in unit stress is only apparent and not real, because the

strength of the material has actually been increased.

Now, in spite of the trend toward lighter rolling stock, the live load has been in-

creased 20 per cent without an appreciable net change in the relation of the so-called

working unit tensile stress to the yield point. As indicated in the next to the last para-

graph of Mr. Hardesty's paper, page 772, the new structures will be good for at least

E-lOO to E-108 live loads. It is unfortunate that the Committee did not publish, in

this connection, the results of its researches into the trend of increase of live loads and

probable future live loads, because without the benefit of this research the convention is

not in a position to judge the necessity for designing structures for E-lOO loads and

greater, and can only rubber-stamp the Committee's report. It was my understanding,

from the discussion that took place here last year, that the Committee would include a

report on this important subject of the trend of live loads, and I would suggest that

the Committee be asked to explain the omission, and instructed to prepare such a re-

port, as it would be of great value.

The question naturally arises: "Why not design logically for E-lOO or E-108 live

load, instead of E-72, using higher, that is, so-called rating, unit stresses, and thus quit

this absurd and indefensible system of designing for one load and then asserting that

the structure will actually carry another and much higher load with safety?" The

question of members designed for dead load only and subject to high unit stress under

all live loads is seemingly held out by Mr. Hardesty as an insurmountable obstacle.

The fact is that for structures of the type covered by these specifications, such members

will ordinarily have more than enough section because of the requirement for a mini-

mum value of L over R. At any rate, a simple clause in the specification would remove

the objection, if indeed it is a valid objection.

One of the evils of the system of so-called working unit stresses lies in the fact

that the unit stresses used for railway bridges are carried bodily over into other forms

of construction, without rhyme or reason. As a result, for example, the land is filled

with office buildings that, with adequate foundations, could be used safely as ware-

houses, and with warehouses through which, if we had the headroom, we could run

some of our railway trains.

Now, I realize that it is useless to make a motion to change these working unit

stresses for steel, because there is first needed a lot of engineering education on the sub-

ject, and the removal of a lot of time-honored prejudices, but I am confident that some

day Structural Engineers will design structures in a logical way for the ultimate pre-

dictable loads and the ultimate utilizable capacities of the members.

Just one more point. On page 16, under bearing on concrete, the value is limited to

600 lb. per square inch. This certainly indicates a lack of coordination between com-

mittees. Yesterday, in connection with Bulletin 370, page 76, article 504, attention was

called to a similar lack of coordination, where the bearing value on concrete was lim-

ited to 300 lb. per square inch. Now, the Association has already adopted a specification

to cover the bearing on concrete, and it may be found in the Manual, page 597, the
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second paragraph of article 134. This specification has to do with the transfer of load

from a column, but is equally applicable to the bearing under bridge shoes. It reads as

follows:

"When metal distributing bases are used, they shall have sufficient area and thick-

ness to transmit safely the load from the longitudinal reinforcement in compression and

bending." (That part has to do only with columns.) "The permissible compressive

unit stress on top of the column or pedestal directly under the column base shall be not

greater than 0.35 / prime sub c" (/ prime sub c, as you all know, is the ultimate

strength of the concrete in 28 days), "the minimum distance from the edge of the col-

umn base to the edge of the top of footing being 3 inches, and the area of the top of

pedestal being at least twice the area of the column base." That is a specification which

is now in the Manual.

Since the edge distance on a bridge shoe is invariably 3 inches or more, and since

the area of the top of a bridge pier or abutment is invariably more than twice the

bearing area of the shoes, the specification is applicable. Moreover, it is absurd to

require the same value for all piers, regardless of the quality of the concrete. In view

of these facts, therefore, I move to amend the allowed bearing on concrete under Article

301, on page 16, to read 0.35 / prime sub c, where / prime sub c is the ultimate strength

of the concrete in 28 days.

Mr. Meyer Hirschthal:—I simply want to say that I had written the Committee

on that point of bearing under the shoe on concrete, and I am sorry to say the letter

came too late for consideration by the Committee.

Chairman G. A. Haggander:—I received your letter after our final meeting. I will

try to answer some of these points in the order they came up. Mr. Hardesty, I am

sorry to say, is not here to-day. These monographs are individual contributions. The

Committee does not prepare them; they are prepared by the various members who give

their views.

There was a feeling at one time that the steel which we would secure was not

much better than the steel we are securing now. However, from the numerous tets

we have seen, Mr. Doll's figures are right; I am sure they are right, that the elastic

limit or yield point is increased almost 3,000 lb. more than shown in the specification.

Personally, I have felt that the increased yield point is a factor in allowing the increased

unit stresses.

The tests on these new steels did not come in early, but we have some now. I

personally think that is a factor. I do not quite agree with Mr. Hardesty, in other

words, on that. I do not know how the rest of the members are. I know Mr. Wilson

said last year he felt that was a factor introduced in the unit stresses. Others may not

think so, but I rather agree with you on that. It is a fact, and it should be so con-

sidered.

You speak about future live load. That was brought up at the last convention,

and I did say we would attempt to get something on that. Unfortunately, the party

who was working that up and had the data was unable to do so on account of il'ness.

We have a lot of the data that we were not able to get out in time, from which we drew

our own conclusions. We do not have the data in shape for publication. If it is of in-

terest to the convention, we will get it in shape. It will be done this year.

Mr. Theodore Doll:—It is my feeling that the data you have accumulated are so

valuable they really ought to be published for the general information of Railway Engi-

neers and the engineering profession as well. Whether they are published now, or

whether they have any bearing or any effect on the adoption of these specification-, the

information ought to be published for information.
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Chairman G. A. Haggander:—We will consider that. I am sure it will be accept-

able to do that.

Vice-President Robert H. Ford:—There is a motion pending. It has been duly moved

and seconded that Article 301 on page 16 be amended to read 0.35 /c, where /• i.^ the

ultimate strength of concrete in 28 days. Are you ready for the question?

Chairman G. A. Haggander:—I would like to say one thing about that. The 600

lb. value is the same as we had in the former specification. Last year we increased that

to 750 lb. in our tentative specification. We received a great many adverse comments

on that due to the type of loading applied. It is more of a quick, sudden load, and

there is more or less vibration or churning. We had some very unfavorable comments

on that. It seems from experiments that there has been a churning effect or wearing

on the concrete in a good many cases, and the consensus of opinion was that that should

be reduced to the former value.

Mr. Theodore Doll:—I did not want to speak any more on this, but since you

raised the question of the churning of shoes, I should like to make a few remarks about

that. The Santa Fe has been using 0.35 / prime sub c on new spans for a number of

years. On 3000 lb. concrete, therefore we use 1050 lb. per square inch, with impact

included in the reaction. We have had trouble on the Santa Fe, also, with churning

bearings on old spans, and the reason we have had trouble with these churning bear-

ings is, the bearings were not properly designed. The sole plate and the bearing plate

under the sole plate were made exactly the same width, so that when the span deflects

there is a line bearing on the concrete. Then there is a stretch in the bottom chord and

a motion of the line bearing back and forth, and you cannot help but get a churning

bearing. As I say, these old bearings were not properly designed, and I am surprised

to find that any Engineer ever designed bearings like that.

When the bearings are properly designed so that the load is distributed over the

concrete, so that you get the load placed in the center of the bearing plate, shoe, or

slab; so that you get a distribution and not a line bearing effect on your concrete, you

do not have trouble with churning bearings, you do not have trouble with crushing of

your concrete, and you can use the higher unit stresses. It seems to me that engineer-

ing has progressed enough so that Engineers ought to design bearings properly and not

the way they w'cre designed thirty or forty years ago.

Mr. Meyer Hirschthal:—Just one more word on the matter of this allowable ?tie s

on concrete. I object to a straight figure because it takes away the option of the Engi-

neer using the higher strength concrete or a lower strength concrete. Six hundred

pounds per square inch may be too high for the class of concrete some contractor may
put on. On the other hand, it may be too low for some concrete your own forces

might put in, if you choose to put in the material.

Mr. L. W. Skov:—It seems to me, in connection with bridge shoes, there is one

more thing to consider, particularly on spans, say, of 80 ft. or less, where frequently

no rocker bearings or pins are used to transfer the load from the girder to the shoe.

In cases of that kind there is no question but what the load at the front of the sho:;

nearest the edge of the piers or abutments is frequently much higher than on the side

doors of the piers or abutments. However, I do feel as Mr. Hirschthal does, there

ought to be some provision for increasing or decreasing the allowable unit stres-, de-

pending on the kind of concrete used.

I believe that in the past there has been a lot of concrete used in piers that prob-

ably would not test over 2000 lb. at the age of 28 days. To-day I believe that practice

has been pretty well done away with, and that we are getting concrete that is at least

up to 3000, and probably 3500 lb. It seems to me that for concrete of the strength of
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3000 to 3S00 lb. in 28 days, we can go well over 600 lb. even though consideration

was not given to the eccentricity of the load caused by the deflection of the span where

it was not transmitted to the shoe through a pin.

Vice-President Robert H. Ford:—All in favor of the motion as made from the

floor will say 'aye'; opposed 'no'. (Pause.) The Chair is in doubt. All in favor rise.

(Pause.)' All opposed will now rise. (Pause.) The motion is lost.

Chairman G. A. Haggander;—From here on the articles are more general. Is there

anything further on the rest of the material on page 16? On "Rivets"? "Details of

Design," pages 17, 18, 19, 20 and 21.

Mr. W. R. Wilson:—On page 21, paragraph 427, the third sentence of the third

paragraph reads: "When cover plates are used, at least one plate on each flange shall

extend the full length of the girder." The usual practice is to extend the top cover

plate only, leaving the bottom cover plate where the moment curve indicates it to be.

I would like to amend that, to bring it before the house for discussion to change "on

each flange" to "the top flange."

Mr. Theodore Doll:—I second the motion.

Vice-President Robert H. Ford:—Will the Committee accept the suggestion?

Chairman G. A. Haggander:—This is the same as we had last year, and I think we

ought to have a vote on it, if we can.

Vice-President Robert H. Ford:—The Committee will not accept the suggestion.

Mr. W. R. Wilson:—Change the word "each" to "top" making that sentence read:

"When cover plates are used, at least one plate on the top flange shall extend the full

length of the girder."

Vice-President Robert H. Ford:—The motion is to substitute the words "th2 top"

for "each" in the third line of the third paragraph. Are you ready for the question?

Mr. Theodore Doll:—I should just like to point out that the proposed amendment

is in accordance with the existing specification. If anybody can explain to me why the

bottom cover plate should extend full length I should be glad to know. I do not know.

Chairman G. A. Haggander:—Mr. Leffler will try to explain that to you.

Mr. B. R. Leffler:—The outstanding leg of a tension flange unsupported is not as

efficient as one supported. If you take a rolled I-beam, the outstanding legs are com-

posed of one solid homogeneous part. By adding a cover plate to the bottom flange,

you surely increase the effectiveness of the two outstanding legs as a tension flange.

You might conceive that the cover plate is put on and grown fast to the outstanding

legs and get a perfect I-beam. All the riveting does is to simulate that grown condi-

tion, and it is the best kind of practice.

Vice-President Robert H. Ford:^Is there any further discussion? If not, the ques-

tion is on the motion.

Mr. Theodore Doll:—I should just like to ask a question. Is Mr. Leffler adding

cover plate material to all of his old girder spans so as to have the cover plates run

full length and get this effect of homogeneity?

Vice-President Robert H. Ford:—I do not want to shut off debate but would like to

adhere to the motion. All those in favor will signify by saying 'aye'; opposed 'no'.

The Chair is in doubt. All those who support the motion will rise. (Pause.) All tho"e

who are in opposition will now rise. (Pause.) The motion is lost and the Committee is

sustained.

Chairman G. A. Haggander:^—There is nothing else on page 21; page 22; page 23;

page 24. "Workmanship," pages 25 and 26.

Mr. J. F. Leonard (Pennsylvania):—In regard to paragraphs 517 and 519, you

will recognize the fact that only hot rivets are provided in the specifications. As a
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matter of fact, cold-driven rivets have been used very successfully and are being u^^ed

to-day in a great many cases. It is my suggestion that the Committee give considera-

tion to a revision in these particular paragraphs so as to permit cold-driven rivets to be

used. I have it in the form of a definite motion if the Chairman would like to have it

that way, so far as the rewording of the paragraphs is concerned.

Vice-President Robert H. Ford:—The Committee are unwilling to accept the mo-

tion. Will you make the motion definitely, Mr. Leonard?

Mr. J. F. Leonard:—As a matter of fact, I have had to revamp the articles com-

pletely.

Vice-President Robert H. Ford:—Read your substitute.

Mr. J. F. Leonard:—I have substituted five articles for the three articles now in

the specifications.

"517. Rivets shall be driven by direct-acting riveters where practicable.

"518. When rivets are driven with pneumatic riveting hammers, a pneumatic

bucker shall be used where practicable. All rivets driven with hammers shall be driven

hot.

"519. All rivets driven hot shall be heated uniformly to a light cherry red for

driving. They shall be free from slag, scale and carbon deposit, and pressure shall be

maintained after upsetting has been completed.

"520. All rivets driven cold by direct-acting riveters shall be driven by an approved

process.

"521. Loose, burned or otherwise defective rivets shall be replaced. In removing

rivets, care shall be taken to not injure the adjacent metal and, if necessary, they shall

be drilled out. Caulking or recupping shall not be done."

That is a substitution for three articles, and the only change I have made was the

necessity of putting it into five articles and in order to include cold-driven rivets by

direct-acting riveters by an approved process.

Vice-President Robert H. Ford:—Is the motion seconded? The Chair hears none.

Proceed, Mr. Haggander.

Chairman G. A. Haggander:^—Pages 27, 28, 29, 30, 31. At this point, in order to

expedite matters, I think we might take the whole section on "Materials" at once. If

there is anyone who has any objection to it, we can go over it more in detail. As

stated in the specifications, these are identical with the corresponding requirements of

the ASTM, and I think they are exactly the same as printed last year. There is one

correction, however, that we wish to make.

At the bottom of page 36 the reference Serial Designation A 7-33 should be A 7-34.

Are there any comments under "Materials—Structural and Rivet Steel", page? 31

and 36 inclusive? "Structural Silicon Steel," pages 37 to 39 inclusive; "Structural Nickel

Steel," from 39 to 42 inclusive; "Steel Forgings," pages 42 to 45 inclusive; "Cast Steel,"

pages 45 to 47; "Cast Iron," pages 47 and 48; "Alloy Steels," pages 48, 49, SO and 51;

Appendix A, Column Formulas, on page 52.

That concludes the specifications with the exception of the comments on paragraph

214, and we will have to take time to consider that. That is the only thing left open.

I would like to have it left to the Committee to look into that and change it if they

think it is necessary or justified. With that understanding, I move that these specifica-

tions be adopted.

Mr. C. H. Sandberg:—We did not settle article 108.

Chairman G. A. Haggander:—That was voted on, Mr. Sandberg.

Mr. C. H. Sandberg:—Excuse me.
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Chairman G. A. Haggander:—That was voted on by the convention. It was left

as it is.

(President Armstrong resumed the chair.)

Mr. Meyer Hirschthal:—I was calling Mr. Leffler's attention to an article that rather

controverts the argument he made before. Under 427 the second sentence reads:

"Flanges of plate girders preferably shall be made without cover plates or side plates."

I was looking for that all through the argument, but I could not find it until now.

Mr. B. R. Leffler:—The point is well taken but, as I remember the argument, I

think those words, "without cover plates," are in error. It should be "made without

side plates", as I remember the matter; maybe I am wrong.

Mr. Meyer Hirschthal:—I simply rose to call attention to that because I remember

that sentence distinctly during that discussion but I could not place it until now.

Chairman G. A. Haggander:—I can support the proposed specification in this way:

We have a great many cases where I wish we had lengthened those bottom cover plates

near the ends on account of deterioration. In almost every case the brine drippings fall

on the bottom flanges and weaken them at that point. We had a great many cases

where we had to have a splice at that point. It is just a question of whether it is

worth while putting it on. It would probably be worth while putting it on when the

girders were new.

Mr. Meyer Hirschthal:—I was not opposing it"; I was simply calling attention to it.

Mr. Theodore Doll:—Do you have that trouble on ballasted-deck spans?

Chairman G. A. Haggander:—We waterproof most of them, and that is the solu-

tion to that.

Mr. Theodore Doll:—This specification would require you to do it on all spans.

The President:—Gentlemen, the motion before you is the adoption of these specifi-

cations as amended. Are you ready for the question? Those in favor will signify by

saying "aye"; opposed likewise. The motion is carried.

I am afraid that at this point we shall have to close up shop for to-day. If it is

agreeable to the Chairman of the Committee, we shall have them come to the platform

immediately upon assembly tomorrow morning at nine o'clock.

Chairman G. A. Haggander:—That is agreeable.

The President:—This discussion has been interesting and shows what can result

from discussion when you want to discuss.

The meeting is now adjourned to meet again at nine o'clock tomorrow morning.

Chairman G. A. Haggander:—The next subject is found on page 685 of Bulletin

.374, Tests of Steel Columns and Formulas for Design.

The recommendations of this Sub-Committee are incorporated in the Specifications

for Steel Railway Bridges (Appendix A). A discussion of the subject is also presented

in a monograph by Dean F. E. Turneaure, which accompanies the report of this Com-

mittee. Therefore, no action is necessary on this Sub-Committee report.

Appendix C covers the work of Sub-Committee on Methods of Strengthening Ex-

isting Structures. That is found on page 685. I will read that by paragraph headings:

"General— Physical Condition, Stresses." Page 686: "Eccentricity, Stiffeners,

Flanges, Effective Span, Welding, Laterals, Doubling Up Girders." Page 687: "String-

ers and Floor Beams, End Connections, Cover Plates, Initial Tension, Substitution."

Page 688: "Tension Members, Compression Members." Page 689: "Adding a Center

Truss, Auxiliary Truss Members." Page 690: "Welding, Other Structures."

I move the adoption of this report and its publication in the Manual.

Mr. W. G. Arn (Illinois Central) :—I second the motion.

i



Discussion 1009

The President:—You have heard the motion and the second. Is there any dis-

cussion? If not, those in favor signify by saying "aye"; opposed likewise. The motion

is carried.

Chairman G. A. Haggander:—Appendix D covers the work of the Sub-Committee

on Use of Alloy Steels for Structural Purposes. The recommendations of this Sub-

Committee are incorporated in the Specifications for Steel Railway Bridge? (Appendix

A). No action is necessary on this for that reason.

Appendix E covers the work of the Sub-Committee on Impact—Railway Bridges.

The recommendations of this Sub-Committee are incorporated is the Specifications for

Steel Railway Bridges (Appendix A) . Supporting data and a discussion of the subject

are presented in a monograph based on extended research by J. B. Hunley, which ac-

companies this report, page 77.^. This subject is to be continued and no action is neces-

sary on this report.

Appendix F covers the work of the Sub-Committee on Bearing Values of Small

Rollers. The recommendations of this Sub-Committee are incorporated in the Specifi-

cations for Steel Railway Bridges (Appendix A). A complete report of the research

on this subject, carried out on behalf of the Sub-Committee under the direction of Prof.

W. M. Wilson, was published in Bulletin No. 263 of the Engineering Experiment Sta-

tion, University of Illinois. A monograph by Prof. Wilson, summarizing and interpret-

ing the results of this work accompanies the report of this Committee. No action is

necessary on this.

That concludes the report of Committee XV.
Mr. Theodore Doll:—I do not know what the rules of the convention are in the

way of reopening a question for discussion, but I wonder if it would be possible to

obtain permission to reopen the question of the bearing value under shoes that was

taken up yesterday. The convention voted yesterday to adopt a bearing value of 600

lb. per square inch on concrete.

The President:—Possibly I can clear that situation for you by calling attention to

the fact that a number of discrepancies in the Manual material as adopted yesterday

and at prior times have become apparent, and a special study will be made to discover

and correct not only the bearing value of concrete, but all other discrepancies and in-

consistencies in the material appearing in the Manual. Will that take care of the

matter?

Mr. Theodore Doll:—I am glad to hear that, because I think it was a mistake of

the convention, and the Committee members will realize later on that it was a mistake.

The President:—If there is no further discussion, the Committee is excused with

the thanks of the Association for the very fine report they have made (Applause).

DISCUSSION ON WOODEN BRIDGES AND TRESTLES
(For Report, see pp. 781-8.37)

Mr. H. Austin (Mobile & Ohio):—The report of your Committee on Wooden
Bridges and Trestles will be found in Bulletin .374 beginning on page 781.

Before proceeding with the Sub-Committee reports, I desire to call attention to the

following errors: On page 782, the line under heading Appendix B reading "Gencnil

Grading Specifications" should be deleted.

On page 78.?, line .30 reading "TWO—Report of Committee VII—Wooden Bridtie^

and Trestles" should be deleted.

On page 787 there should be an asterisk at the end of paragraph (c) at the head of

the page, and at the beginning of the note at the bottom of the page.
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On page 829 the word "Page" in the upper right-hand corner of the diagram

should be deleted.

On page 798 at the top of the page, the heading "Structural Beams, Stringers, and
Other Heavy Members With Load Applied to the Narrow Face" should be set in heavy

type.

On page 804, the heading "Structural Posts, Timbers and Other Members to Carry

Longitudinal Loads" should be set in heavy type.

On page 823, the second line above the table reading "Class B" should read

"Class A."

On page 835, line 14, formula 3 should be I/2 W {L-2h), and in the formula for

Uve load, in both the numerator and denominator the quotient X over h should be

squared. This also applies to the formula appearing in the tables.

On page 836, Appendix E, fourth paragraph, line 2 insert after Table 1 "Six Sheets."

The sixth paragraph, line 1, should read "Plans 1 and 2" instead of "Plans 2 and 3."

Appendix A, page 781, Revision of Manual, attention is called to an error in the

Supplement to the Manual. I presume there is no further action nece.=sary on that.

The President:—No further action.

Chairman H. Austill:—Appendix B will be presented by Mr. C. J. Hogue, in the

absence of Mr. W. E. Hawley, the Sub-Committee Chairman.

Mr. C. J. Hogue (West Coast Lumbermen's Association) :—Appendix B is offered

as a tentative revision of the material on structural timbers. This report is somewhat
analogous to the pure food and drug law. It takes any remaining mystery out of

structural grading and puts the formula and utility value on the label on the bottle.

In other words, the grade names describe the utility value of the grade, and while the

form of presentation differs materially from the present standards, the only basic differ-

ence is in the naming of the grades.

In grading structural timber there are four factors that have to be considered:

the density of the wood, the size and position of the knots, the slope of the grain or

fiber, and the amount of checking. The work in writing a structural grade is to fix the

limits on those four factors in such a way that they will bear a balanced relation to the

strength, the maximum strength, of the species, so that we may have a grade in a

species which will have 75 per cent of the maximum obtainable grade for the strength

of the species, or it may be 60 per cent. But the strength among species varies just as

does the strength among different kinds of steel and different mixes of concrete, so a

75 per cent grade of one species will have a different value from a 75 per cent grade in

another.

In the present standards and in American Lumber Standards, the grades are named
in terms, we will say, of the percentage strength, but the present effort is toward clarifi-

cation and simplification through naming the grades in terms of their utihty value.

In bending grades we have the four factors of bending stress, shearing value, bearing

valt\e or compression perpendicular to grain, and modulus of elasticity. The most im-

portant of those four is the bending stress. So the grades are named in terms of the

bending stress of the grade. In a post or column we have the principal of the two

factors of compression, compression with grain, and modulus of elasticity. The com-

pression perpendicular to grain is of some importance sometimes, but the strength in

compression parallel to grain is the important factor. So in the post and column

grades, the grade name is in terms of the compression strength.

The report shows first, on page 785, the general grading specifications applicable

to all grades. It says "(except as noted)". The only exceptions are that it does not

provide definite heartwood requirements, because it was felt by the members of the
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Committee that heart requirements differ to such an extent that it would be a simple

thing for the Engineer, in specifying the timber grade, to specify the heartwood re-

quirement he wanted, or that sapwood would be permitted, if it was a grade to be

treated. The other variation is as to whether it should be square edged or wane allowed.

It should be noted which of those would be the requirement.

Then there are the specifications for density and close grain, but they, of course,

would apply only if a dense grade was ordered or a close-grained grade.

Following the basic requirements, on page 788 are given the standard rough and

dressed sizes for joist and plank sizes.

Then at the top of the next page is the list of standard grades available in the

various species, several grades in each species.

Following that is the text of each grade, the detail of the grade, so that if a man
wants to check a grade, if he is buying an 1800 lb. grade or 1600 lb. grade in a par-

ticular species and wants to check the manufacturer's grade for that species, the text is

given of the limitations on the factors necessary to make that strength.

Then on page 798 begin the values and the grades for beams and stringers. The

presentation is just a bit confusing. At the top of the page the type is small and

does not indicate it is a second division. The type heading should be the same size as

that on page 788. This would be clearer. There follow then the list of beam and

stringer sizes and values, or rather the bending values, and then the text of those grades,

and then on page 804, the structural posts and timbers, so we have the three divisions

covering the three basic uses—sizes of joists and planks, beams and stringers, and posts

and timbers.

There follows, from page 810 to the end of the report, an abstract from Mis-

cellaneous Publication 185 of the Department of Agriculture, which sets forth the basic

laws of structural grading. That is presented as information as to how these grade

details were developed.

That is a summary of the report.

At the bottom of page 784 are given several examples of the uses of the grades

in this way, and one of the features, I think, of this report is that these grades can

all be obtained from manufacturers' standards, that is, each of the manufacturers' asso-

ciations have standard grades which conform to these values and to these requirements,

so that if a 1600 lb. grade in Southern pine is called for, for instance, and is furnished in

the Southern pine standard grade, which is assigned the value 1600 lb., you can depend

upon it that it will agree with the text of the grade in this report if it is properly in-

spected. So it is thought that the ordering of lumber can be simplified as shown in

Example 1.

At the bottom of page 784 is a requisition for a 1400 lb. grade in Cypress joist

and plank, size 3" X 12" X 20', to have 85 per cent heartwood because it is to be used

without treatment and to be in accordance with AREA specifications and current rules

of Southern Cypress Manufacturers Association. The requisition as written would per-

mit the wane that is named in the grade.

The second example shows 1600 lb. close-grained Douglas fir structural beams and

stringers, which would be square edged, but sapwood is permitted, because they pre-

sumably would be treated. This is to be in accordance with AREA specifications and

current rules of West Coast Lumbermen's Association.

The third example is 1300 lb. posts and timbers, dense shortleaf Southern pine,

permitting sapwood, because it is to be treated, and to be in accordance with AREA
specifications and current rules of Southern Pine As.sociation.
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Of course, if a man wanted to, he could write his own specification for that 1300 lb.

grade or 1600 lb. grade, and he would simply write the general provisions applicable and

then the text of that particular grade. But one of the thoughts behind this report is

that the way suggested an order can be placed simply in terms of the grade value and to

agree with the AREA specifications and the current manufacturers' grading rules.

The question has been raised as to whether mills are prepared to furnish material

ordered this way. We are going through somewhat a transition period in the mills,

but in the Southern Pine Association and the West Coast Lumbermen's Association these

working values have been included in the grade names in the grading rules, so that by

reference to a book of grading rules you will find both the old grade name and the

grade value.

As mills and buyers become more familiar with this system, probably the old grade

name will be deleted, and we will make reference only to the grade value. But in the

transition period it seemed wise to couple the two together for cross-reference. But it

eliminates this thing of having a grade of a certain name having one value in one species

and another value in another. It tells immediately, by reference to the grade name, what

the working strength of the grade is, and, after all, when we are buying a structural

grade, the only thing we want it for is for strength, and we want to know exactly what

strength it will have.

The President:—This is offered as progress?

Mr. C. J. Hogue:—It is reported as progress and as tentative information for one

year.

The President:—It will be so accepted as a progress report.

Dr. Hermann von Schrenk (Consulting Timber Engineer) :—I would like to offer

my felicitations to the Committtee for an exceedingly interesting report. The writing of

grades for structural timbers has probably always been an exceedingly difficult matter,

I might even add, a highly controversial subject.

The rules for structural timbers which were presented several years ago, and now
in our Manual, have practically never been used, due to the great difficulty of interpret-

ing various clauses which are in these specifications as they now exist.

The Committee has presented a working basis in this report which, with possibly

a few changes to be made during the year, ought to make it possible for any Engineer

to specify the kind of structural grade necessary in any particular type of design.

I also would like to add that the Timber Committee of the American Society for

Testing Materials, in cooperation with whom the AREA Committee drew up the original

grading rules, has recently taken action looking towards the presentation to the ASTM,
at their forthcoming convention, of a report almost identical with the one which the

Committee on Wooden Bridges and Trestles has presented. That augurs well for the

probable unanimous agreement on the part of the technical societies as well as the lum-

ber manufacturers for the production of properly graded structural timbers in the future.

The President:—Thank you. Dr. von Schrenk.

Chairman H. Austill:—This specification is something new. We have in the Man-

ual what we think is some excellent material, but, as Dr. von Schrenk said, it is simply

not being used. We think that, when this is put in, it will be in such shape that it will

be used.

The Committee requests that you look this over, think it over, and give us your

comments during the year so that next year we can give you a final and complete

specification.

The Committee report in Appendix C appearing on page 823 will be presented by

Mr. R. P. Hart, the Sub-Committee Chairman.
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Mr. R. P. Hart (Missouri Pacific) :—The report of Sub-Committee 3 is divided into

three sections. The first section covers tables of sizes for piling to be used in overhead

highway bridges, and it was the intention that we might select at this time one of these

tables of sizes to be adopted for printing in the Manual. There is considerable differ-

ence between the table of sizes tentatively presented by this Committee last year and the

table of sizes given in the ASTM specifications and, further, neither of these conform to

the table of sizes given in the specifications of the Association of State Highway Of-

ficials.

Further study of the tables of sizes in AREA specifications and in specifications of

the ASTM shows that there is a difference, in some respects, in the sizes in those two

specifications covering piling for use in railroad bridges. The Committee therefore de-

sires to withhold any action on this matter of sizes for Class B piles at this time, with

the thought that we will try to get together with the Association of State Highway Of-

ficials and with the ASTM and work out a- table which is common to all three specifi-

cations.

We desire, then, that this matter be accepted as information.

The President:—It will be so accepted.

Mr. R. P. Hart:—The second section of the report of Sub-Committee 3 has to do

with a proposed plan for recommended practice in the construction of overhead timber

highway bridges.

Three or four years ago this Committee presented two typical plans, one for a

concrete floor slab and the other for a laminated timber floor with wearing surface.

There was much in common on the two plans, and the Committee decided that all of

the information on 'the two plans could be incorporated in one and, therefore, reduce

the matter for inclusion in the Manual to a minimum. We offer this plan as informa-

tion, with the thought that it can be somew^hat refined and offered as Manual material

in next year's report.

Some of the things which need to be refined and clarified are hand-rail details. It

should also be made clear that the wearing surface mentioned in the general notes applies

to the timber floor only.

We ask, then, that this also be accepted as information.

The President:—It will be so accepted.

Mr. R. P. Hart:—The third section of this Sub-Committee's report is a reproduction

of report made by William A. Oliver, Associate in Civil Engineering, University of Illi-

nois. This report, we feel, will be very helpful to anyone who is making a study of the

distribution of loads on highway floors. This section of the report is also offered as

information.

The President:—It will be so accepted. Is there any discussion on this Sub-Com-

mittee report, gentlemen?

Chairman H. Austill:—Subject 4, Appendix D, appearing on page 834, w^ill be pre-

sented by Mr. H. M. Church, Sub-Committee Chairman.

Mr. H. M. Church (Chesapeake & Ohio) :—This report in Appendix D appears on

pages 834 to 835. The Committee at this time is submitting this report in a form so

as to invite criticism and comments to assist in further study.

In the tables of stresses, consideration has been given to horizontal shear as devel-

oped by the tests made at the Forest Products Laboratory, given in Vol. 35, page 1001.

There is a slight departure in this table from previous methods. The bending and shear

stresses in stringers are based on a span length face to face of caps plus 6 inches.

For comment and study, we have submitted plans showing new layouts for string-

ers and some change in the bracing. In addition to the plans, a separate plan has been

given for walkways, platforms, and motor car platforms on open deck trestles.
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The plan is given in such shape that we hope we will have full comments so we can

prepare this report in more detailed form next year. We were not able to get out plans

for the ballasted deck structure, that we hope to have ready.

The report is offered as information.

The President:—It will be so accepted. Is there any discussion, gentlemen?

Mr. G. A. Haggander (Burlington) :—I am glad to see the Committee recognize the

lap stringer in the open deck design. For many years they have been used in creosote

ballasted decks. Not many treated stringers were used in open deck bridges. When
they came into use, most of us followed the old plans and cut and bored the timber.

I think this design recognizes the minimum amount of cutting and framing to be ac-

complished. I think the Committee is to be commended for calling that to our atten-

tion and getting us to consider whether we adopt that plan or something similar.

Mr. L. W. Skov (Burhngton):—I would like to ask the Committee if they are

going to have a plan similar to the one shown for six piles or six posts, where the

stringers will be of individual panel lengths instead of lapping over one cap, as is shown

in this plan.

Mr. H. M. Church:—You can either follow a two-panel chord or single-panel chord.

We promise to make that clear in our revision of the plan. It is feasible for that use, to

get the benefit of the shorter length stringers.

The President:—Is there any further discussion, gentlemen? Proceed, Mr. Austill.

Chairman H. Austill:—The report on subject 7, page 836, is a progress report and

is presented as information in the hope that we will get some comments, criticisms and

discussion on the plans and sketches presented. The Committee would be very glad in-

deed to receive any written comments on these sketches.

That completes the report of Committee VII.

The President:—Is there any general discussion of this report, gentlemen? If not,

the Committee is excused with the thanks of the Association for their excellent report

and presentation (Applause)

.

DISCUSSION ON MASONRY
(For Report, see pp. 839-875)

Mr. Meyer Hirschthal (Delaware, Lackawanna & Western):—The Masonry Com-
mittee this year presents its report as printed in Bulletin 374, beginning on page 839.

The number of subjects reported on this year is eight, exclusive of the verbal report on

contact with the joint committee.

Of these eight, four are presented for printing in the Manual, which means for

adoption by this convention.

The first subject is that of Revision of Manual. Mr. J. F. Leonard is Chairman,

but I believe he has not made his appearance, so it will be necessary for me to present

the report for him.

The changes as shown on page 840 are chiefly on the subject of definitions. We
found that there were a large number of definitions that were not included in the Man-
ual but are included in the Joint Committee report. These are tabulated on pages 840

and 841 and are now presented for your approval and adoption to be printed in the

Manual a:i recommended practice. There are two parts to this. Part of it is the change

of the location of the present definitions for arch masonry which apply only to stone,

and substitution of all these definitions under the general heading where they belong.

I move that these definitions be adopted by the convention.
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The President:—As you know, definitions are not subject to discussion on the floor.

They may be accepted or rejected. The motion covers the adoption of all of the defi-

nitions as presented here.

Mr. C. C. Westfall (Illinois Central) :—I understand that definitions are not open

to discussion, but the definitions of "Dead Load" and "Live Load" seem to be different

from the text in the following report. I think it is also different from the definition in

common practice. I think the Committee ought to reconsider that without any discussion

here. I think they should think about it a little more.

The President:—Do you offer as an amendment to the motion that these two defi-

nitions be deleted?

Mr. C. C. Westfall:—If that is in order, I move that the definitions of "Dead Load"

and "Live Load" be deleted.

The President:—Is there a second to the motion?

Mr. C. W. Baldridge (Santa Fe) :—I second the motion.

The President:—Is that acceptable to the Chairman?

Chairman M. Hirschthal:—Not quite. While Mr. Westfall is correct that, strictly

to the letter of the law, the definitions as now presented will seem to conflict with those

contained in the specification for arch design, the definitions attempt to be more all-

embracing rather than being specific by dividing the live load into its various component

parts as given in the specifications.

The definitions presented are absolutely a copy of the joint committee specifications

as they now stand. To be a little premature in the report of the joint committee prog-

ress, I want to say that by the end of this year we will probably have a new joint

committee report, so that any revision could then come and include these changes that

may be contemplated in the definition of the live load, if found necessary.

Mr. C. C. Westfall:—It seems to me that these definitions should be the same as

the .Association uses in other cases. As I understand it, they are not the same as the

Steel Bridge Committee uses. As the same Engineers are going to use them, it seems to

me live load in one case should be the live load in another case, whether for the design

of a concrete or steel bridge.

The President:—Gentlemen, the motion to amend the original motion is before you.

Is there further discussion ?

(The question was called for.)

The President:—Those in favor of the amendment will please say "aye"; opposed

likewise. May I have a rising vote, please? Those in favor will rise; contrary likewise.

The motion is carried. That amends the original motion to adopt these definitions, omit-

ting the definitions for "Live Load" and "Dead Load." Is there any further discus-

sion on the motion as amended? If not, those in favor signify by saying "aye"; op-

loosed likewise. The motion as amended is carried.

Chairman M. Hirschthal:—The second item is that of Specifications for Making
Pre-Moulded Concrete Piles. This is a new specification to fill the void that was cre-

ated by deleting a former specification. It comprises specifications for aggregates, class

of concrete, workability and placement, curing, marking and handling of the pile. This

is presented for adoption and printing in the Manual.

The President:—You have heard the motion and the second. Is there any discus-

sion, gentlemen? If not, those in favor of the motion say "aye"; opposed likewise.

The motion is carried.

Chairman M. Hirschthal:—The third item is Specifications for Driving Pre-Moulded

Concrete Piles, just carried, for adoption and publication in the Manual,
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Mr. B. R. Leffler (New York Central) :—I just want to make a suggestion regard-

ing No. 2. No. 2 says that the hammer shall strike a blow equivalent to driving power
to that produced by a weight of 7500 lb. falling freely through a distance of 3 ft. 6 in

I want to call attention to a principle in pile driving, namely, you can drive a pile

bettej- with a heavy hammer and a small drop as compared with a lighter hammer
and a greater drop.

As a concrete illustration, if you took a hammer weighing 3750 lb., half of the

7500 lb., and dropped it 7 ft., twice the height specified, your foot-pounds of energy

would be the same but your driving power would not be. The lighter hammer with

the greater fall would simply dissipate its energy in bruising the top of the pile. I think

a good many of our pile drivers as manufactured and recommended are decidedly

faulty in that respect. I think the following would cover the case better: "For driving

piles larger than 18 inches in diameter and 40 feet long, the hammer shall have a striking

part weighing not less than 7500 lb. The hammer shall be of the single-acting type."

In the previous sentence of the specification it says it shall be a steam hammer. If

you use a double-acting steam hammer you will get about 140 strokes per minute, which

means a lot of dissipation of energy in the form of bruising the pile head. The ordinary

single-acting hammer has about 70 to 75 strokes per minute, and usually has a much
heavier striking part. Such a hammer is far superior to the double-acting type with a

smaller striking part, although the theoretical amount of energy may be the same, ac-

cording to the law of conservation of energy. I think the 7500-lb. hmitation guards

everything.

Chairman M. Hirschthal:—What Mr. Leffler says is very true, that a little hammer
with a long drop gives less effective driving power than a heavy hammer with a short

drop. If the remainder of the Committee is satisfied, this revision is acceptable. If any

member of the Committee wishes to speak on that subject, I will be glad to hear him.

Mr. A. C. Irwin (Portland Cement Association) :—Paragraph 2 really was written

on the basis of investigation of pile driving on concrete piles. It does not refer to wood
piles, although the- same principles hold good. The driving power of a tack hammer,

if you want to carry Mr. Leffier's analogy a little further, would, of course, reduce it to

the ridiculous. In fact, both single-acting and double-acting hammers have been used

to drive concrete piles.

If you put a hammer on a pile that cannot drive it, that simply means the ham-

mer is not suitable. The double-acting hammer has been used probably more in the

field of driving piles than the single-acting hammer.

As far as the principles are concerned that Mr. Leffler announced, we agree with

him, but this 7500 lb. ram with a drop of 3 ft. 6 in. happens to be about the size of the

hammer that is being used at the present time in driving rather large concrete piles. It

has been found successful, although the hammer that is found more successful has the

weight of the ram increased from 7500 to 9000 lb., with about a 4-ft. drop. The 7500

lb. ram with a 3-ft. 6-in. drop has been used very successfully in driving 24-in. diameter

concrete piles.

To limit it to the single-acting hammer would be just simply doing something that

practice in the field of driving piles does not substantiate. If there is any change in

wording, to better the English of this, I think the Committee will accept it, but as a

matter of principle, the kinetic energy required to drive piles of the limit we have put

upon them here is correct because it is just what is being done.

The President:—Gentlemen, I am afraid that your Chairman permitted the dis- ,

cussion to start before a motion was made.

Chairman M. Hirschthal:—I move for its adoption.
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The President:—Mr. Hirschthal moves the adoption of the specifications for con-

crete piles as presented in the report.

Mr. B. R. Lefiler:—I did not sufjgest that the pile hammer should not weigh more

than 7500 lb. A 9000-lb. hammer is all right. What I am after is to avoid the chance

of an argument by the phrase "a blow equivalent to". We got into trouble some time

ago with a contractor who said that he had a hammer that was equivalent, and he based

it on the well-known law of conservation of energy. He had a ISOO-lb. hammer drop-

ping 6 ft. and claimed it was equivalent to a 3000-lb. hammer dropping 3 ft. This is

such an important matter in coming to an understanding with the contractor that we

should not have a phrase in these specifications which will permit that sort of a disagree-

ment or difference of opinion to arise.

I think the Committee itself recognizes that the heavy hammer with -a low drop and

not too many blows per minute is the desirable hammer, and they should so state. As

to the objection to the double-acting hammer, I will admit what Mr. Irwin says, there

are a number of makers of hammers who have the double-acting type, but the double-

acting type is too rapid, dissipates its energy too much in heat and bruising of the top

of the pile.

Chairman M. Hirschthal:—Would it be acceptable to you to omit that reference to

the double-acting hammer and limit 7500 lb as the weight of the hammer to be U'-ed in

piles more than 18 inches in diameter?

Mr. B. R. Leffler:—You mean without reference to double-acting?

Chairman M. Hirschthal:—Yes.

Mr. B. R. Leffler:—It would be a step in the right direction, but I would insist on

a single-acting hammer.

Chairman M. Hirschthal;—For your own work?

Mr. B. R. Leffler:—Yes, and I think you would, too, from what you have said.

Chairman M. Hirschthal:—It is acceptable to the Committee to make it 7500 lb.

for piles, with a single-acting hammer.

Mr. A. C. Irwin:—That is what is done. That is what the specification calls for.

It would certainly be very much out of order to say that you cannot use a single-

acting hammer in driving these piles. We have given the necessary kinetic energy in the

7500 lb. times 3 ft. 6 in., and any hammer that supplies that would be allowed to be used.

Mr. G. E. Robinson (Big Four):—If we introduced the words "not less than

7500-lb." it might clear up the situation.

Chairman M. Hirschthal:—Making it read "produced by a weight of hammer not

less than 7500 lb. in weight falling freely through a distance of 3 ft. 6 in."

I suggest the addition of the phrase reading: "The minimum weight of hammer
for piles over 18 inches in diameter shall be 7500 lb." Is that acceptable to the Com-
mittee and to Mr. Leffler?

Mr. B. R. Leffler:—That is acceptable to me.

Chairman M. Hirschthal:—I amend my original motion for adoption with that

addition.

The President:—You have heard the amendment to the original motion made by

the maker of the original motion. Is that satisfactory to the seconder?

Mr. J. A. Lahmer:—Yes.

The President:—The original motion as amended is before us now. Is there any

further discu.ssion? If not, those in favor signify by saying "aye"; opposed likewise.

The motion is carried.

Chairman M. Hirschthal:—The next item on Revision of Manual is a provision for

openings in flat slab construction. This provision was made at the request of the
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Buildings Committee and was necessary, in so far as there was no provision of this char-

acter in the original specification for flat slab design. This is now presented for adop-

tion and printing in the Manual. I so move.

The President:—You have heard the motion and the second. Is there any dis-

cussion? Those in favor signify by saying "aye"; opposed likewise. The motion is

carried.

Chairman M. Hirschthal:—The next subject is that of Design Loads for Railway

Masonry Structure. This is a revision of the Manual following long discussion in the

Committee as to a possible standard loading for the whole Association, a discussion of

which was made on this floor yesterday in connection with the presentation of specifi-

cations on iron and steel structures. This is now presented for adoption and printing in

the Manual.

Originally this revision was headed "Structures under Embankment Loads." This

is changed to read: "1. General" and the present form of dead load and the proposed

form of dead load which specifies the weight of track, ballast, reinforced concrete, earth

filling materials, waterproofing and protective covering. Then there is the present live

load and the revised hve load with revision in two tracks and three tracks.

Mr. C. H. Sandberg (Santa Fe) :—Is it in order to discuss these?

The President:—Yes, Mr. Sandberg.

Mr C. H. Sandberg:—In regard to the paragraph concerning load on multiple

tracks, I note that this requirement is not the same as the one adopted by the Iron and

Steel Structures Committee.

In view of the exhaustive analysis by Mr. Tammen given in the paper which is pub-

Hshed in this Bulletin, and also the action of Committee XV in adopting his results,

it would seem desirable to make this requirement the same.

I move therefore to amend this article to agree with the requirements adopted by

Committee XV.

The President:—You have heard the motion, gentlemen. Is there a second?

(The motion was regularly seconded.)

Chairman M. Hirschthal:—In connection with this, I desire to state that the Chair-

man of this Committee communicated with the Chairman of Committee XV, requesting

that a uniform provision be made for both committees and suggesting, of course, that

ours be accepted. The difference is very slight. Ours has the advantage of being per-

fectly clear where theirs did not have that advantage, because it stated 100 per cent on

two tracks and SO per cent on the third track. Fifty per cent might mean half live

load or half of the intensity of loading, whereas the method used here is the practice on

concrete. The moment of shear and other stresses are found for three tracks loaded

and 90 per cent of those totals taken, or 80 per cent, if there are four tracks. The

difference is very slight.

Mr. G. A. Haggander (Burlington):—Committee XV will clear that up so there

will be no misunderstanding. We will change the wording that is required to clear

that up.

The President:—Do I understand by your remarks, Mr. Haggander, that Committee

XV will adopt the wording of Committee VIII ?

Mr. G. A. Haggander:—We intend to change our wording somewhat as follows: It

says now for three tracks, full hve load on two tracks and one-half on the other track.

We will probably say for three tracks, full live load on two tracks and one-half of live

load on the third track.

We will clear it up and use the same wording.



Discussion 1010

The President:—There will still remain a difference between Committee XV and

Committee VIII, in the wording.

Mr. G. A. Haggander:—Yes.

The President:—Is there any further discussion on the motion, gentlemen?

Mr. A. N. Laird (Grand Trunk Western):—May I say, in regard to the distri-

bution of live load to multiple tracks, the conditions as between masonry structures and

steel structures is not analogous. In steel structures the distribution of live load goes

through unit members, some of which are transverse, some of which are longitudinal.

Ordinarily, in masonry structures, there is a slab or beam action which tends to dis-

tribute the load more broadly than is the case with iron and steel structures. It is

true, there is not a very great difference in the practical results as between the respec-

tive formulae given here and those presented by the Iron and Steel Structures Com-
mittee, the difference being that these formulae for three or more tracks give about five

per cent greater distribution of loading. I believe that is quite consistent with the

actual facts.

Mr. Geo. S. Fanning (Erie):—I am a little concerned about this continued dis-

agreement between these two Committees on what ought to be a matter on which they

could agree with very little trouble. I am going to suggest that the matter of live loads,

which are the same for either—they have all got to carry the same trains—be referred

to the Special Committee on Economics of Bridges and Trestles.

Chairman M. Hirschthal:—In connection with this, I want to call attention to the

fact that the Masonry Committee, and the Chairman of the Masonry Committee in par-

ticular, has been very much concerned about that point, sufficiently so to call the atten-

tion of the Board of Direction to it and request the appointment of members of the

committees concerned with live loading for an adjudication of this matter and to have

an understanding so that we have the same type of loading, the same type of distribution,

and the same type of impact factor to the same type of structure.

To our minds, a solid floor steel bridge is very much like a reinforced concrete

structure both in distribution of loads and methods of transferring them. We felt that

the same type of handling should be used in those structures as is used in masonry rail-

road structures.

Unfortunately, we did not get the action of the Board of Direction on this point,

and the disagreement is now evident on the floor of the convention.

I do not agree with Mr. Fanning in submitting this to the Committee on Econom-
ics of Bridges and Trestles. I think this is a subject on which the three committees

involved—that on Iron and Steel Structures, that on Masonry and that on Wooden
Bridges and Trestles—should have their representatives meet and discu.'^s and perhaps

exhaustively go through all the data that is available and decide definitely once and for

all what should govern the loading, distribution and impact on the various types of

structures. If it would be in order, I move to that effect.

The President:—There is a motion on the floor. Do you want to amend that

motion?

Chairman M. Hirschthal:—I amend the motion, if Mr. Fanning is agreeable.

The President:—Mr. Fanning is not the original maker. The motion is that the

live load form of Committee VIII be changed to conform with the live load wording of

the Iron and Steel Structures Committee.

Chairman M. Hirschthal:—Would a motion to the effect I made be agreeable to

the maker of this motion?

Mr. C. H. Sandberg:—Yes, that will be agreeable.

The President:—Do vou withdraw vour motion?
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Mr. C. H. Sandberg:—Yes.

The President:—-There is no motion before us.

Chairman M. Hirschthal:—I now move to the effect that the Board of Direction be

requested to ask the Committees on Wooden Bridges and Trestles, Masonry, and Iron

and Steel Structures to appoint committees to confer on the subject of obtaining a stand-

ard load, distribution and impact formula or condition for adoption as a standard by
the Association.

Mr. J. A. Lahmer:—I second it, but I would like to ask Mr. Hirschthal if he wants

the same number of representatives from each Committee or three from one, five from

another and seven from another, for example.

The President:—^You have heard the motion. Is there any discussion?

Mr. G. A. Haggander:—I will say in this respect that the Board of Direction did

appoint a man to consult the various Committees, to get their views. The Committee

on Wooden Bridges and Trestles did agree. I do not know the full extent of the con-

troversy, but possibly we did not convince him that E-72 was right. Our own Com-
mittee went into it very exhaustively.

Chairman M. Hirschthal:—While it is true there may be some reason for adopting

the E-72 loading as it stands in the Cooper loading, that does not apply to the fact

that the impact formulas as now contained in Committee XV's report really are applic-

able chiefly to open floor bridges. I think that is almost avowedly so, and I think they

will also concede that there is a necessity for further study on the subject of impact,

especially as to the effect of solid floors as a damping effect and its effect on the syn-

chronism of vibration of the bridge as referred to the diameter of the drivers. That

was practically conceded yesterday. I think there is still a necessity for collaboration,

if you will, on this subject, particularly impact.

The President:—Is there any further discussion?

Mr. B. R. Leiffler:—Impact on ballasted floor bridges, even if put up to a special

committee, can only be a matter of opinion because there are no experimental data on

the impact on solid floor bridges. As the Chairman said yesterday, we want some

money to make the experiment, and we have not been able to get it.

This Committee would simply give an opinion on impact for solid floor bridges

and, necessarily, that opinion would not agree with the impact formulas adopted yes-

terday.

Ihe President:—Gentlemen, I believe this is a controversial matter which can best

be settled in committee rather than on the convention floor. It may be that the Com-
mittee will report accordingly, if they require money and time to make experiments to

determine some portions of their assignment. Is there any further discussion? Those

in favor signify by saying "aye" ; opposed likewise. The motion is carried.

Chairman M. Hirschthal:—That, of course, will apply to the item of "Impact

Load" which appears as the next item, where the present form is slightly changed. As

I stated before, this impact formula is used by the Masonry Committee -for reinforced

concrete structures and has been used for a long time, and it is different from Commit-

tee XV's formula because of the difference between the two types of structures.

The next item is "Centrifugal Force, Other Lateral Forces, Longitudinal Forces."

That completes Committee VIII's report on the Revision of the Manual, and I

move that this report be accepted and printed in the Manual.

The President:—This motion and second, Mr. Hirschthal, applies to the matter

appearing on page 843 on Design Loads for Railway Masonry Structure, and following

to the end of the report?
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Chairman M. Hirschthal:—I feel it would be just as well to have this in the Man-
ual until we can get together and have a final decision, rather than having nothing in

the Manual.

The President:—You have heard the motion, gentlemen, and the second. Is there

any discussion? Those in favor signify by saying "aye"; opposed likewise. The mo-
tion is carried.

Chairman M. Hirschthal:—The next subject to be presented is that on specifica-

tions and principles of design of plain and reinforced concrete. Mr. A. N. Laird, Chair-

man of that Sub-Committee, will present the report.

Mr. A. N. Laird:—The report of Sub-Committee 2 is contained on pages 846 to

857 inclusive. The report is divided into four sections. In section 1 the Committee

presents Specifications for Reinforced Concrete Arches for Railroad Loading. The
specifications are divided into four sub-divisions dealing with the classification of arches,

design and construction. This subject has been previously submitted to the convention

over the past four years in sections as information.

The Committee recommends the adoption of these specifications for printing in the

Manual, and I so move.

In presenting this for consideration and discussion, I wish to call attention to a

number of typographical errors that have appeared in the printing. If there is no

objection I will refer to the sections.

"(I) Classification of Arches. (II) Design.— 1. General, 2. Design Loads, 3. Unit

Stresses, 4. Selection of Form, 5. Preliminary Selection of Crown Thickness, 6. Notations

and Symbols."

The President:—The matter is open for discussion, gentlemen. This reading of

paragraph by paragraph is for the purpose of bringing out discussion.

Mr. A. N. Laird:—"7. Basis of Design and Formulae." May I call attention to the

fact that it will be necessary to have some editing of the headings inasmuch as some of

them have been introduced in large type where they should be in smaller type, and in

the formulae there have been a number of typographical errors, both in signs and in

the symbols themselves. I believe it is not necessary to refer to these specifically be-

cause they have been previously printed correctly in the Proceedings.

Mr. C. C. Westfall:—I do not know whether my point is in order, but I have

never been in sympathy with putting textbook material in the Manual. It seems to me
that matters of design gone into in the thoroughness that this report handles them are

matters for reference books and te.xtbooks and not really a part of our Manual. It

seems to me that, regardless of the value of the report, and the material in it, it is not

proper that it should be accepted for pubhcation in the Manual. I think that point can

be made here while the matter of design is being taken up.

Mr. A. N. Laird:—May I say that that has been a matter of considerable discussion,

not only before the convention but also in the Committee in considering this and other

reports. The report is submitted in compliance with the instructions of the Board of

Direction on assignments. It has been presented and discussed orally on the floor of the

convention and in writing over a period of four years. It is felt that, whereas there is

a considerable amount of material which may be treated as textbook material, there is

value in presenting it and pubHshing it because it assembles and arranges that material

in usable form, readily available to designers.

Chairman M. Hirschthal:—I want to say further on this subject that this matter of

policy as to the publication of matter in the Masonry Committee's portion of the Man-
ual came up when Mr. Westfall was Chairman of the Masonry Committee, and the

speaker was the one who opposed the use and publication of formulae that appear else-

where in textbooks, and was overruled.
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It was then declared the pohcy that we pubhsh the formulae for the various por-

tions of the structures as they now appear in the Manual, for instance, T-beams, posi-

tion of neutral axis in the reinforced concrete structure, and every other detail. That
policy has been continued, and unless there is a change directed by the Board of Direc-

tion or the convention, we will continue to give this information.

Mr. C. C. Westfall:—My recollection is that while I was Chairman of the Ma-
sonry Committee this was one of the points I tried to sit on right along. I never have

been in sympathy with getting too technical in the Manual. It seems to me that the

purpose of the Masonry section and the other sections of the Manual is to bring out

the points that are particularly appUcable to railroad work and not to go into details,

to cover the whole field, which is the same regardless of whether it is railway, highway,

or any other purpose.

Our Manual is a big book now. It is almost unwieldy, and if we do not stop, if we
put in these principles of design for arches and they are carried on for every possible

concrete structure, we would make it twice as big, almost, on this one subject of Ma-
sonry. I never was able to get a decision or any instructions from the Board as to just

how to handle that question when I was on the Masonry Committee. I do not want to

wrangle with the Committee, but I think it ought to be settled when this specification

is brought up. It can be disposed of now for all time, and the Committee will know
what steps to take in the future.

The President:—Perhaps I can clarify that by suggesting that that may be handled

as a matter of editing, if j'ou choose, by the Manual Committee of the Board.

Mr. C. C. Westfall:—I did not understand that the Board had a committee that

operated in that way.

The President:—They have not operated in that way in the past, but I think that

is a matter which the Committee could properly consider and determine.

Mr. C. C. Westfall:—I really think that is proper material for the Board to handle.

I tried at times to get the Board to do it. I think it is out of place for the convention

to handle some of the points. If the Board can do it, I think it would take care of it.

Mr. A. N. Laird:
—

"8. Piers and Abutments.

(Ill) Details of Design. This sub-division deals with the requirements of the

plans, after the design itself has been prepared.

"1. General, 2. Spandrel Construction, (a) Open Spandrel Type; (b) Filled Spandrel

Type, 3. Arch Ring and Ribs, 4. Abutments, Piers and Footing Slabs, 5. Construction

and Expansion Joints, 6. Drainage, 7. Waterproofing. (IV) Construction—1. General,

2. Arch, (a) Centering, (b) Concreting Methods, 3. Spandrel Construction."

I move that this be adopted for printing in the Manual.

The President:—You have heard the motion and the second. Is there any dis-

cussion? If not, those in favor signify by saying "aye"; opposed likewise. The mo-

tion is carried.

Mr. A. N. Laird:—Section II of this report consists of the presentation of further

designs for concrete trestles. This includes a detailed design for a 24-inch precast rein-

forced concrete pile and also for a reinforced concrete trestle for Cooper's E-72 loading.

This material is presented as information with the intention of presenting it for adoption

next year.

The President:—That will be so accepted.

Mr. A. N. Laird:—On Sections III and IV of this Sub-Committee's report, consist-

ing of rigid frame structures, specifications for columns, floor construction and wind

loads on buildings, the Committee reports progress.

The President:—It will be so accepted.
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Chairman M. Hirschthal:—The next subject of the Masonry Committee is that of

Progress in the Science and Art of Concrete Manufacture. The Chairman of this Sub-

Committee is Mr. L. W. Walter, who will present the report.

Mr. L. W. Walter (Erie):—The Sub-Committee report appears as Appendi.x C be-

dnning on page 858 and is presented in three sections. Section 1 deals with placing

concrete by pumping. It is descriptive of the equipment developed and of the process

of conveying and placing. Also some of the advantages and disadvantages are pointed

out

Section 2 of the report deals with progress in specifications for cement. During the

current year there have been many changes proposed. The appearance of various ce-

ment specifications differing in requirements from the standards which have long been

in use is a matter of no small concern. While all forward-looking Engineers will wel-

come the progress which is represented in new developments, they should also give sober

tiiought to the possibility of an endless variety of specifications, all purported to fulfill

some real or fancied need in the construction industry. It is only through united effort

and leadership that the requirements of modern engineering can be fully met without

the confusion of a great variety of unnecessary specifications.

Committee C-1, American Society for Testing Materials, is the generally recognized

sponsoring body for standardizing cement specifications in America, and our Associa-

tion should give its fullest support to Committee C-1 in this important work of stand-

ardization at this particular time.

In Section 3 of the report is presented tentative specifications for curing concrete.

Criticism and comments are invited because it is the desire and intention to offer in our

next report specifications acceptable for inclusion in the Manual. Again, I repeat, com-

ments and criticisms are solicited. We will be glad if you will, so far as you see fit,

address these comments and criticisms to the Chairman of the Committee.

The President:—Is there any discussion, gentlemen? The report is accepted as in-

formation.

Chairman M. Hirschthal:—The next Masonry Committee assignment is that of

contact with the Joint Committee on Standard Specifications for Concrete and Rein-

forced Concrete, on which I will make a verbal report.

During the past year the Joint Committee has made real progress and it hopes to

have ready for publication the major portion of its report by the time of the June meet-

ing of the American Society for Testing Materials, so that the publication will probably

be completed by the end of the year and will be available for members of the various

associations that are represented, and others that are waiting for this information.

The only subject that will not be completed is that on design, unfortunately, be-

cause of the vast scope of that assignment, but they hope to have ready for publication

the very important item of columns, to include composite and lally columns, and mem-
bers of that type which are sadly in need of being published for use in building codes

and elsewhere.

The next subject to be presented is that on foundations. Mr. D. B. Rush is Chair-

man of the Sub-Committee, and will pre.-ent the report.

Mr. D. B. Rush (Robt. W. Hunt Company):—This year we .•^imply have published

under .Appendix D general specifications for the design and construction of substructures.

We could take quite a little time in discussing that, but it is only for information. It

is up for adoption next year, and I think it will probably be discussed pro and con at

that time. In the meantime, if any of you gentlemen would write us your opinions,

suggestions and criticisms, we will be very glad to take them up before tlu" Committii'.

I do not Ihirk there is anything else at this time.
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The President:—The report will be accepted as progress. Is there any discussion at

this time, gentlemen ?

Chairman M. Hirschthal:—The next assignment is contained in Appendix E, Methods

and Practices of Lining and Relining Tunnels, and will be presented by its Chairman,

Mr. G. F. Eberly.

Mr. G. F. Eberly (Baltimore & Ohio):—The report of this Sub-Committee appears

on pages 86.5 to 869, inclusive, in Bulletin 374.

The first section covers specifications for lining railway tunnels with concrete.

These specificavions are being submitted for printing and inclusion in the Manual. I will

read them over by headings:

"(I) General—Scope. (II)—Design—Interior Dimensions, Floor and Ballast Wal's,

Sidewalls and Arch."

Mr. Geo. S. Fanning (Erie):—On the subject of Interior Dimensions, the specifica-

tion reads: "The interior dimensions shall not be less than those shown as standard

for single and double track tunnels in the AREA Specifications for Roadway."

The Roadway Committee this year is removing all diagrams for tunnels and referring

to the standard clearance diagrams as adopted by the Clearances Committee. I should

say the reference here should be to the Clearances Committee and not to the Roadway

Committee.

Mr. G. F. Eberly:—You are correct and we shall so change it. These dimensions

conform to the Clearances Committee's dimensions.

Page 865: "Keys, Refuge Niches, Drainage Openings. (Ill) Concrete—Specifica-

tions, Proportioning. (IV) Forms—Length, Removal of Forms. (V) Placing Con-

crete—Hand Placing, Pneumatic Placing, Pumping, Shotcrete, Order of Placing, Com-

pacting, Laitance Seams and Bonding Surfaces, Drainage During Placing, Curing, Cold

Weather Protection. (VI)' Construction and Expansion Joints—Construction Joints,

Expansion Joints."

I move that these specifications be accepted for printing in the Manual.

The President:—You have heard the motion and the second. Is there any dis-

cussion ?

Mr. B. R. Leffler;—Article 17 says compacted preferably by means of vibrators. I

would just like to suggest a precaution there. If you are going to use a vibrator, your

concrete should be very dry ; otherwise you will get a separation of the coarse aggre-

gate from the remainder of the aggregates or mortar. I do not know whether the

specification covers that, but it makes for better concrete if you get it just as dry as you

can.

Chairman M. Hirschthal:—It is Syi gallons.

Mr. G. F. Eberly:—We have not here definitely indicated the specification. I be-

lieve the specification is 5J^ gallons of water per sack of cement. We will not develop

the condition that you refer to, by using a vibrator.

Mr. B. R. Leifler:—That SJ/2 gallons pertains to concrete placed by vibration,

then.

Mr. G. F. Eberly:—That is right.

Mr. W. H. Kirkbride (Southern Pacific) :—I notice under "Scope" that these specifi-

cations refer to tunnels which involve no special features. Therefore, referring to sub-

division 2, "Design," paragraph 3, it provides that the floor shall be at least 6 in. in

thickness. There being no unusual features involved in this tunnel design, I do not see

the necessity of providing a concrete floor. Furthermore, if a concrete floor is required,

it certainly must be more than 6 in. in thickness.
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It would therefore appear that this dei;ign as applying particularly to a single track

tunnel should leave out the concrete floor, it being necessary only as unusual conditions

might demand.

I have further comments to make. I do not know whether or not I should present

them now, applying to all of the paragraphs.

The President:—Possibly Mr. Eberly will invite them as they arise.

Mr. G. F. Eberly:—We debated considerably at the time as to whether or not to

include concrete floors. It was the opinion of the Committee that a concrete floor in

a tunnel is a good investment under ordinary conditions, and it was included.

Mr. W. H. Kirkbride:—My viewpoint in that, having an experience of maintaining

about 45 miles of tunnel, is that a concrete floor should not be constructed except as

conditions of ground demand. If you have a wet condition or a swelling condition or a

bottom that comes up due to side pressure, obviously you must put in a floor design that

resists that pressure. Six inches is just throwing away your money. It is not necessary

at all if the formation is fairly solid and fairly well-drained; you do not need concrete.

If you do need a concrete floor, it must be reinforced and not less than 12 inches in

thickness. So that it would be my opinion that you are wasting money to put in a

floor where unusual conditions do not exist.

Mr. P. G. Lang, Jr. (Baltimore & Ohio):—My impression in listening to this dis-

cussion, not only of tunnels but other parts of the Masonry Committee's report, is that

masonry apparently means concrete. I would like to ask whether this Committee has

given consideration to lining tunnels with other materials than concrete and whether

there will be any report on such other matters.

Mr. G. F. Eberly:—There will be. We have presented specifications for concrete

but we are going to cover specifications for brick and other materials following this

presentation. There will probably be an assignment for the coming year.

Mr. B. R. Leffler:—Referring to this 6-in. floor, I would define a tunnel as a cut

with a roof over it. Why should you have a 6-in. floor in a cut? This is an espe-

cially favorable cut; no rain comes on it. I would say it is just as necessary, or more

necessary, to put a floor under a track in cuts.

Mr. G. F. Eberly:—You include in that criticism the concrete ditches, also; that is

a portion of the floor.

Mr. W. H. Kirkbride:—I wish to speak on that subject at the proper time.

Mr. G. F. Eberly:—This Committee, in its consideration, had opinions from various

sources, and it was felt that the concrete floor in a tunnel led to a more uniform mainte-

nance of track, and we did consider putting reinforcements in the floor, but that was

eliminated. It was considered that, with stable rock foundations, 6 in. would remain

and it was not in need of reinforcement. We say here "at least 6 in." I am willing

to entertain a motion for the elimination of the concrete floor. It was a question of

extensive discussion in our Committee and finally we decided to put it in.

Mr. W. H. Kirkbride:—I move an amendment to the motion that the concrete floor

be left out.

Mr. C. W. Baldridge (Santa Fe):—I second the motion.

The President:—You have heard the amendment and the second. Is there any dis-

cussion? If not, those in favor signify by saying "aye"; opposed likewise. A rising

vote, please. Those in favor rise ; contrary will please rise. The motion is carried, gen-

tlemen. The concrete floor is eUminated.

Mr. W. H. Kirkbride:—As I stated before, I have a number of comments to make.

I believe that, keeping in mind, of course, the scope of these specifications, the baffle

wall, as we may call it, or the concrete wall that separates the ballast from the gutter

as here defined and proposed, is a mistake. I believe you will find in a great deal of
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practice that such a wall would serve to hold the water dripping out of your tunnel

within the ballast section. The droppings from freight trains passing through would

soon foul the ballast. In other words, you are blocking the drainage, particularly so

as the concrete wall is brought up to at least the bottom of the tie. I am not able to

see what the opening is through the wall, but there evidently must be a small opening.

I think that such a design would result in blocking drainage.

It would be my suggestion that such a wall be left out and that your slope be

drained from the center of the track gradually to the gutter, which, of course, must be

above the bottom of the footing of your tunnel, and that a slight depression be made

to form a gutter if a gutter is necessary, because the water ordinarily coming out of

the tunnel, keeping in mind the scope of these specifications, does not amount to very

much in volume.

The gutter designed here assumes a tremendous volume of water coming out of the

tunnel. Therefore I am not referring to such a water condition.

While on the floor I wish also to ask for information, and that is, are we to inter-

pret this diagram of the single track tunnel as specifying a seven-segment arch as the

standard, and, if so, what reference has been given to a three-segment arch ?

Mr. G. F. Eberly:—We had not referred to any standard arch. This was given

here just as typical of a timbered condition in a tunnel, with no reference to standard.

Mr. W. H. Kirkbride:—May I also inquire as to whether this design, or whether

there are other designs in our reports and Manuals that outline the amount of reinforcing

in this concrete lining and where it is to be placed? In other words, I take it from

this section that it is either plain or reinforced concrete.

Mr. G. F. Eberly:—It is plain, no reinforcement.

Mr. W. H. Kirkbride:—Will we find anywhere advice as to where to place rein-

forcement ?

Mr. G. F. Eberly:—These specifications do not cover reinforced concrete tunnels.

Nothing is mentioned as to reinforcing.

Mr. W. H. Kirkbride:—Is it the intention of the Committee to give us further

advice on that?

Mr. G. F. Eberly:—That subject has been very extensively discussed, and it was

the opinion of the Committee that it was well to eliminate reinforcement from tunnel

linings.

Mr. W. H. Kirkbride:—Now may I say what we men on the field require is some

advice relative to this question of reinforcement. If this concrete is plain, I submit that

it is entirely too thick and not necessary.

I should say from some experience I have had that we need information in con-

nection with additional reinforcement in the vicinity of the spring line as well as at the

top of the arch, and reinforcing rods can be placed so cheaply nowadays that I would
hope that our Manual could give us some advice as to whether to put our reinforce-

ment in a single plane near the face, or whether there should be additional reinforcement

at certain other planes in the tunnel lining.

Mr. G. F. Eberly:—Did I understand you to say that you consider these dimensions

given her" as too great for a tunnel Hned without reinforcement?

Mr. W. H. Kirkbride:—I do.

Mr. G. F. Eberly:—It was the opinion of the Committee that, due to seepage and
water in tunnels, reinforcement would be subject to corrosion and would more than

likely cause considerable trouble. We eliminated reinforcement from the concrete

tunnel lining for that reason.
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Mr. W. H. Kirkbride:—My own practice is not to put in plain concrete but to

reinforce it, and our own experience would lead us to the statement that reinforcement

is very successful, quite necessary, and greatly reduces the amount of concrete that you

put in a tunnel, and there is no danger of corrosion. The placing of concrete within a

tunnel, particularly under operating conditions, is an involved and e.xpensive matter.

It is my belief that you should keep the volume of concrete down by the use of rein-

forcing material.

Mr. J. C. Irwin (Boston & Albany):—This discu.ssion is bringing out some very

interesting views. I would like to raise the question as to whether this material is in

suitable shape for the Manual at this time. I would like to ask the General Chairman

whether this has been presented before in this form. I note it is in the February issue

of the Bulletin and there has not been given very much opportunity for study of the

subject before the convention. If it has not been presented in this form in some pre-

vious Bulletin, I raise the question as to whether it is suitable to present it for the

Manual at this time, or whether it should not be handled merely for discussion and sea-

soned further before presenting it for the Manual.

Chairman M. Hirschthal:—This report was presented as information last year. I

want to call attention to the fact that there are five members on this Sub-Committee

who are occupied in building tunnels, lining tunnels, at the present time. This subject

of concrete lining of tunnels came up for discussion at least six times, and the majority

of the Committee bowed to the opinion of the men who are actually doing the work

at the present time, as to whether it was advisable to put reinforcement into a con-

crete tunnel lining or to omit it, with the result that is in these specifications.

Mr. W. P. Wiltsee (Norfolk & Western) :—I just came into the room during this

discussion and did not get the benefit of the vote on the previous question of the con-

crete bottom. I understand now we are discussing the walls, the ditch walls support-

ing the ballast.

The President:—For your information, Mr. Wiltsee, the concrete floor has been

deleted. The question before us at the moment is the side walls and the possibility of

reinforcing the tunnel lining itself.

Mr. W. P. Wiltsee:—Have you closed the subject on the ballast walls?

The President:—No, that is before us.

Mr. W. P. Wiltsee:—On that subject I want to say that the Norfolk & Western

has many tunnels, as most of you know. About five or six years ago, in double track-

ing its main line, there was a question of building twin tunnels. We had had a great

deal of trouble in maintaining the surface of track in the old tunnel. We made a study

to see what we could do to remedy that. We put in the new tunnels which were built

through sandstone, a layer of concrete on the bottom, and ballast walls. Those have

only been in for, I will say, five or six years, but we have not had any trouble as to

drainage; in fact, it has improved the drainage condition of our track to such an extent

that we have had practically no labor in those tunnels.

Our maintenance men cannot speak too well of them. They compliment our work

in designing such tunnel floors and say that we have saved a great deal of money.

It may be a little early to say what might take place in the future, but I am heartily

in favor of the Committee's recommendation for ballast walls and also their recommen-

dation for the tunnel lining.

Mr. I. L. Pyle (Chesapeake & Ohio) :—We have built about ten tunnels, new and

enlarging old ones, since 1930. In every one of the new tunnels we have placed the

concrete floor with ballast walls as indicated on this design.

Our experience with the floor and the wall is e.xactly as Mr. Wiltsee has just told

you. We have tunnels, one in particular, where the s^ection force has not been in for a
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long time. The drainage conditions in all of those tunnels have been greatly improved.

Rather than getting foul ballast, it prevents just that thing. I think with the exception

of one, there are no unusual drainage conditions, but just the ordinary drainage in the

average tunnel.

As to the reinforced concrete, we had one tunnel where we had a side pressure.

Anyone who has ever had any experience in building tunnels knows the seriousness of

that condition. We did place reinforcing in the side waU and the haunch of the concrete

arch in that tunnel.

In one other tunnel we had some trouble with the roof. We attempted to get rein-

forcing in the arch. We did get it there but I do not know what we really had. It is a

most difficult matter to get reinforcing in an arch in a tunnel. As a matter of fact, it

is hard enough to get the concrete in, but when you put rods in the arch it seems to me
it is just a hit-and-miss proposition. You do not know just what you do have. I think

it is much better to use the plain concrete.

Mr. C. W. Baldridge:—Our outline of work shows we are almost caught up to

four o'clock yesterday afternoon. I would offer a substitute motion, if I may, that this

matter be referred back to the Committee for further consideration.

The President:—Is that substitute motion acceptable to the maker of the original

motion ?

Mr. G. F. Eberly:—We submitted these tentative specifications a year ago, and in

the presentation of them I asked that we get some comments. You know this subject

of tunnel linings has been very much in the dark as far as this Association is concerned.

We have had nothing on it.

This Committee has earnestly endeavored to develop something. I am sorry to say

we received no comments whatever as to the tentative specifications, which are in line

with what we have here, almost a duplicate. But if it is the desire of this convention

that they be referred back to us for further study, I want to indicate that we are pleased

at last to have interest shown in this particular matter.

The President:—I take it you include in that the hope that there will be some

written discussion that will give the Committee assistance.

Mr. G. F. Eberly:—I will be glad to have voluminous suggestions and correspond-

ence from all those who have tunnels to maintain. It is an important part of our

railroad maintenance.

The President:—I take it that your original motion is withdrawn with the consent

of the seconder.

Mr. G. F. Eberly:—It i?

The President:—The substitute motion takes the place of the original motion.

Those in favor say "aye" ; opposed likewise. The motion is carried. The report is

referred back to the Committee with the hope they will have further discussion, written

or otherwise, during the course of the coming year.

Mr. G. F. Eberly:—Section 2 of our Sub-Committee report will be found on pages

868 and 869 of Bulletin 374, use of steel liner plates for tunnel linings.

This is presented to indicate to you the growing tendency to use steel liner plates

for supporting excavations rather than timber, and it is found from a number of studies

that it is much more economical than the use of timber.

This is submitted as a matter of information.

The President:—It will be so accepted.

Chairman M. Hirschthal:—The next assignment of the Masonry Committee is

that of specifications for pneumatically projected concrete or mortar, with Mr. T. L. Con-
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dron as Chairman of that Sub-Committee. In his absence, I suppose I will have to

present it.

This is a specification for what is now termed Shotcrete, what we propose to term

Shotcrete. This specification was presented last year as information, with invitation to

members of the Association to send in comments, criticisms or suggestions, whereby we

could improve the specifications presented for adoption the next year, which is to-day.

We received some comments, unfortunately not much, which I think is the experience

of every Chairman. Despite all discussion on the floor, when it comes to dictating a

letter, it becomes quite another matter, and the written discussion is chiefly absent.

I now move to have this matter adopted by the convention, and will read the head-

ings of the paragraphs.

The President:—You have heard the motion and the second. Will you give us dis-

cussion during the reading of the headings?

Chairman M. Hirschthal:—"Specification for Shotcrete." Note A refers to defini-

tion; B and C refer to machine and material.

"General. Paragraph 1." I possibly should refer to something in these paragraphs.

That refers to workmanship.

The President:—Read them by number, Mr. Hirschthal.

Chairman M. Hirschthal:— 1, 2, 3, Reinforcement, (a), (b) and (c) ; 4, Dowels;

5, Composition; 6, Water; 7, Pressure; 8, Shooting strips; 9, Method of appHcation;

10, Finishing; 11, Curing; 12, Measurement.

Section 2. This provides for additional requirement for Shotcrete when used as

protection of structural steel.

13. Cleaning; 14. Alinement; IS. Reinforcement and placing; 16. Substitution of

welding of rods for punched holes; 17. Permission to use Gunite, Guncrete, or other

patented material as a substitute for Shotcrete, an unpatented and uncopyrighted term.

The President:—Gentlemen, you have heard the motion and the second. Is there

any discussion? Those in favor signify by saying "aye"; opposed likewise. The mo-

tion is carried.

Chairman M. Hirschthal:—The next assignment is that of design of expansion joints

involving masonry structures, which will be presented by Mr. C. A. Whipple, Chairman

of the Sub-Committee.

Mr. C. A. Whipple (Chesapeake & Ohio):—The report of the Sub-Committee ap-

pears as Appendix G, page 872 to 875. The Committee, during the last three years,

collected from a number of carriers plans covering various types of joints involving

masonry structures to meet various conditions, and last year submitted sketches ap-

pearing under Appendix F, Bulletin 364, page 986, with criticisms of the various details

and gave basic principles to be observed in determining the details of expansion joints.

The President:—Since we are very short of time, will you simply present it as

progress ?

Mr. C. A. Whipple:—Yes, just as progress.

The President:—If there are any special remarks you wish to make we will be

glad to have them.

Mr. C. A. Whipple:—We submit the joints as information. This is only a progress

report. We recommend that the subject be reassigned.

We have questionnaires out from which we expect to design typical joints and

submit next year^ The report is offered as progress.

The President:—It will be accepted as such. Is there any discussion on this Sub-

Committee report, gentlemen?



1030 Masonry ^^
Chairman M. Hirschthal:—^The last assignment is that of study specifications for

overhead highway bridges. While this report is very short as far as space is concerned,

it is very important. I will ask the Chairman of that Sub-Committee, Mr. I. L. Pyle, to

read the result of our deliberations on this subject during the year.

Mr. I. L. Pyle;—This report appears on page 875 of Bulletin 374.

Your Committee has made a careful review of these specifications, and has found

that revisions of many of the articles concerning masonry are necessary to bring them

to conformity with present-day practice. It is recommended, therefore, that a joint

committee be appointed, including representatives from Committees VII, VIII, and XV,

to cooperate with members of the Association of State Highway Officials in consider-

ing needed revisions of these specifications.

The President:—This recommendation will receive consideration by the Outline

of Work and Personnel Committees of the Board of Direction.

Chairman M. Hirschthal:—This completes the Masonry Committee's report.

The President:—I want to congratulate the Masonry Committee on the presentation

of a very interesting and helpful report. I hope they will secure some discussion during

the coming year. I wish them luck in that respect.

The Committee is excused with the thanks of the Association (Applause).

DISCUSSION ON ECONOMICS OF BRIDGES
AND TRESTLES
(For Report, see pp. 115-116)

Mr. Arthur Ridgway (Denver & Rio Grande Western) :—The report of the Special

Committee on Economics of Bridges and Trestles will be found on page 115 of Bulletin

370. Just one subject was assigned to the Committee, but it was so comprehensive as

to require practically complete exhaustion of the subject of bridges.

It occurs to me and to the Committee that this short sentence giving the Com-

mittee an assignment is a classic of English literature, because it says in a few words

almost the entire scope of everything pertaining to bridges. May I read it for you?

"Comparative economic value of steel, treated timber, and concrete in bridges,

trestles, and viaducts under various conditions of service, with due consideration of rela-

tive influence of durability of materials and obsolescence of property."

The events of the last few years, all the publicity that has been given to social

economy, industrial economy, political economy, too, may have confused our ideas some-

what, but the Committee feels that economic principles are immutable facts and that no

amount of discussion or argument can change them.

The Committee has tried to bring these to you in the fewest possible words. The

purpose at this time is to arouse your interest, perhaps more than that—your enthusiasm.

The form of the organization of the Association seems to us, as it does to nearly every-

body else, the best possible method of research that is available, namely, the coordina-

tion of reported observations of all of the members, and 1900 observers are infinitely

better than few. Only hints are given in this report.

May we not ask you to read the thoughts between the lines, and then give the

Committee the benefit of what you have to contribute? An ordinary questionnaire is

entirely unsatisfactory for such a subject, and we hope the members will offer contribu-

tions, opinions and data in the following year.

On page 116, "w rr: Serviceable life in years," is particularly difficult, and obviously

it will have to be projected into the future.

Then, of no less vital importance as a controlhng element is "M—Annual cost of

maintenance," and all that the term implies.
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So you will be good enough to send us any and all data that may have come under

your observation, and let the Committee be the judge of its applicability ?

This is presented as information, if it is at all informative.

The President:—Thank you, Mr. Ridgway. I agree with you that they have had

the material but they have not given it to you. I hope that during the coming year

the members w ill offer you some help so >ou ma>^ develop a plan.

The Committee is excused with the thanks of the Association (Applause).

Mr. L. J. Hughes (Rock Island):—While the Committee is retiring, I just want to

take a minute and state that I have read this report. The Chairman in presenting it re-

ferred to the assignment, stating it was a classical gem of the English language. In order

that the Committee may not be discouraged, I want to say I have read the report. For

a report on an engineering subject, I wish to say that, in my estimation, this report as

presented is also a classical gem of the English language. I think the Committee is to be

congratulated on the presentation of their report.

Hy way of comment, I am going to await with great interest, when the Committee

flnally makes its report, and note the assignment of a monetary value to "A," the esthetic

value of a structure.

The President:—Thank you. I think everyone who read the report appreciates

the volume of work they have put into a very few words.

DISCUSSION OF WATERPROOFING OF
RAILWAY STRUCTURES

(For Report, see pp. 375-380)

Mr. J. A. Lahmer (Missouri Pacific):—The Waterproofing Committee's report is

in Bulletin 372, beginning on page 375.

The first part has to do with the revision of the Manual in the shape of an addi-

tional definition: "Plaster Coat Waterproofing.—The surface application of one or

more coats of impervious material in the form of plaster to prevent the entrance of

water."

I move that this be adopted and included in the Manual with the other definitions

now there.

Mr. G. A. Haggander (Burlington) :—I second the motion.

The President:—You have heard the motion and the second. Those in favor signify

by saying "aye"; opposed likewise. The motion is carried.

Chairman J. A. Lahmer:—The following change is recommended in the Specifica-

tions for Membrane Waterproofing, in Section 10, which deals with saturant for cotton

fabric:

"Fabric shall consist of high-grade cotton cloth saturated thoroughly and uniformly
with a.sphalt for use above ground, or coal-tar pitch for use above ground, or coal-tar

pitch for use below ground, which conforms to the foregoing specifications."

That differs from the present specification by eliminating the use for saturant of

asphalt which is specified for mopping below ground. We find that that is necessary

to conform to production practice, because the asphalt that is used for mopping below

ground is too soft to be used as a saturant for the fabric.

I move that this be substituted for the present Section 10 in the Manual.

Mr. G. A. Haggander:—I second the motion.

The President:—You have heard the motion and the second. Is there any dis-

cussion? Those in favor signify by saying "aye"; opposed likewise. The motion is

carried.
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Chairman J. A. Lahmer:—The next change is in Section 18 of the Specifications

for Membrane Waterproofing, in sub-paragraph (c) which relates to the requirements

for asbestos felt. This sub-paragraph (c) now reads: "Weight of material per 100

sq. ft., exclusive of wrapping and packing, 30 lb. plus or minus V/z lb."

We wish to change that to read: "Weight of roll of 108 sq. ft., exclusive of wrap-

ping and packing, 30 lb. plus or minus 2.4 lb."

This change is also to conform to production practice. We submitted our Specifica-

tions for Membrane Waterproofing, before they were adopted, to various producers,

and they did not call our attention to this variation from their practice. The new

wording has been substantiated not only by producers but also by the experience of

several Engineers who have used these membrane specifications on work of one kind

or another, including highway work.

The other change is in sub-paragraph (f), which now reads: "Weight of saturant

not less than 55 per cent of weight of moisture free felt."

That was an oversight of our own, and we propose to correct it by saying: "Weight

of saturant shall be not less than 55 per cent of the weight of moisture free desaturated

felt." This paragraph, as changed, conforms to production practice.

I move that these changes be adopted and included in the Manual in place of those

now appearing there.

Mr. G. A. Haggander:—I second the motion.

The President:—You have heard the motion and the second. Is there any discus-

sion? Those in favor signify by saying "aye"; opposed likewise. The motion is carried.

Chairman J. A. Lahmer:—The next part of the report relates to principles govern-

ing the use of waterproofing or dampproofing of railway structures, and appears in Ap-

pendix A. This same matter, with minor exceptions, was presented one year ago as in-

formation, and we now offer it for adoption and inclusion in the Manual. I so move.

Mr. G. A. Haggander:—I second the motion.

The President:—You have heard the motion and the second. Is there any dis-

cussion ?

Mr. Maurice Coburn (Civil Engineer) :—I rather feel that this controversial subject

should be delayed until the Committee has further discussed some of the materials. I

feel in some details they will then change their recommended practice. The report is,

in some cases, not entirely consistent with other recommendations of the Masonry

Committee which have been adopted.

I think that there are various other details, such as the fact that reinforced concrete

needs protection more than plain concrete, that it is not wise to allow water to flow

through porous concrete, even though the appearance is not important. The conclusions

apparently would indicate the use of a membrane on the exterior of building founda-

tions, something that is now rarely done.

I think that horizontal surfaces, particularly reinforced slabs, need somewhat differ-

ent protection than is proposed for vertical surfaces. Dampproofing covers a wide range,

and I think careful reading of the definition and the discussion of the characteristics and

the proposed points where it is to be used will show that the Committee is not entirely

consistent. I do not like to see a difference in waterproofing between a small single

span arch and the longer one.

I would move that these principles be referred back to the Committee for further

consideration.

Chairman J. A. Lahmer:—In answer to Mr. Coburn, I will say that on March 9

he forwarded some suggestions to the Committee, but they are rather too general in

character, with one or two exceptions, to be acted on.
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Apparently he is of the opinion that all concrete work, or at least more than the

Committee contemplates, should be waterproofed instead of dampproofed. There may
be some others who think that way and some who think otherwise. The practice out-

lined in these principles attempts to take into account the economics of the situation and

conforms closely to practice, as far as the Committee knows.

As I recall, wc did not receive any criticism during the year that this matter has been

in print that was not answered or adjusted.

Mr. Maurice Coburn:—The Committee did receive discu.ssion on this matter a year

ago, and I most certainly am not recommending the waterproofing of all concrete sur-

faces. In many places I certainly would not recommend it.

The President:—Gentlemen, the amendment is not acceptable to the maker of the

original motion. I have not heard a second to the amendment. Is there a second to

Mr. Coburn's motion? Will Mr. Coburn please repeat the motion?

Mr. Maurice Coburn:—I move that the report be referred back to the Committee

for further consideration.

Mr. M. Hirschthal (Lackawanna):—I second the motion.

The President:—Is there any further discussion on the amendment?

Mr. M. Hirschthal:—I just want to say that I discussed this matter with Mr. Lah-

mer yesterday, and I think he will grant there is some point to it, though the im-

portance is not quite as weighty as some make of it. Possibly it would be a good idea

to go a little further into this matter for another year, because quite a few matters will

have to be presented on the subject of waterproofing next year anyhow.

Chairman J. A. Lahmer:—The Committee will be very glad to do that, but we
would like to have the opinions that are contrary to those that are expressed here,

given to us in writing.

Mr. M. Hirschthal:—I wrote you last year, if you remember, and I will write again.

Chairman J. A. Lahmer:—The points you brought up I thought were cleared up

to your satisfaction. They are included in Section S, Precast Slabs for Bridge Decks

and Floors. There is a difference of opinion as to whether all slabs should be water-

proofed, or only those which are over streets and over pedestrian subways. The Com-
mittee would prefer to have a decision by this convention to-day on any point about

which there may be a question, but if the time is not sufficient for that, we ask that we

be favored with suggested changes and reasons therefor, in writing.

Mr. M. Hirschthal:—I think it would be wise to refer it back because of that par-

ticular point.

The President:—Do I understand from your statement that you are wiUing to ac-

cept ttie amendment ?

Chairman J. A. Lahmer:—Yes, to save time to-day.

The President:—So there is only one motion before us, that the report be referred

back to the Committee for further consideration with the hope and expectation of fur-

ther discussion during the coming year.

Chairman J. A. Lahmer:—The Committee, I will say, was practically a unit on

these principles.

The President:—Is there any further discussion? Those in favor say "aye"; op-

posed likewise. The motion is carried.

Chairman J. A. Lahmer:—The next part of the report relates to waterproofing and

dampproofing as applied to existing railway structures. There has been a questionnaire

sent out on this, and quite a number of responses have been received. They are now
being studied, and a further report will be made next year.

The next subject is specifications for materials and workmanship for use of asphalt

emulsions, coal-tar emulsions, cut-back asphalt and cut-back coal-tar for dampproofing.
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We were not able to get far enough along to submit our information and thoughts in

the form of tentative specifications, and in order to bring them to the attention of the

membership, we submit the discussion in Appendix B. It is submitted for information

only.

The President:—It will be so accepted.

Chairman J. A. Lahmer:—The last subject is specifications for materials and work-

manship for use of plaster coat and metallic coating for waterproofing and damp-
proofing. This has been handled by a Sub-Committee, but they have not made suf-

ficient progress to formulate a report.

The President:—Thank you, Mr. Lahmer.

Is there any further discussion of the report? If not, the Committee is excused

with the thanks of the Association and the hope, on the part of your President, that

you can get .'^ome further discussion during the coming year that will be helpful to you

(.Applause).

DISCUSSION ON ROADWAY
(For Report, see pp. 303-342)

Mr. Geo. S. Fanning (Erie) :—The report will be found on page 303, Bulletin 372.

We have a number of reports. In order to conserve time, we will only refer to those

which have some material for the Manual.

Subject 1 is on Revision of Manual. Mr. F. W. Hillman will present the report.

Mr. F. W. Hillman (Chicago & Northwestern) :—The report of this Sub-Committee

is found on page 304, Bulletin 372. All of the material in the Manual and subsequent

editions has been reviewed. The report of this Committee as shown on pages 304 and

305 is recommended for adoption. I so move.

The President:—It is moved that the revisions shown on pages 304 and 305 of the

present Manual material, be adopted for printing in the Manual. Is there any discus-

sion? Those in favor of the motion please signify by saying "aye"; opposed likewise.

The motion is carried.

Chairman Geo. S. Fanning:—On the second subject. Landslides, we have a very

valuable paper by Dr. G. E. Ladd, which will be presented in one of the summer Bulle-

tins and is offered as information. (See pp. 1091-1162 for Dr. Ladd's monograph.)'

On the third subject, service life of and specifications for railway fence wire, we

have some revisions of the Manual, which will be presented by Mr. W. C. Pruett,

Chairman of the Sub-Committee.

Mr. W. C. Pruett (Missouri-Kansas-Texas) :—This report is found on page 306 of

Bulletin 372. For several years this Committee has been studying this subject of service

life of railway fence wire, and with assistance from many railroads, several manufac-

turers and the American Society for Testing Materials, we have arrived at some general

conclusions. From these conclusions we now submit for your approval some changes

and additions to Sections 10, 13 and 14 of Materials under Specifications for Standard

Right-of-Way Fences in the 1929 Manual. I will refer to these only by section.

In Section 10 on page 62 of the Manual we propose a revision to provide for the

use of copper bearing base metal and genuine wrought iron wire.

On page 63 of the Manual, Section 13, we propose three paragraphs for this section:

(a) to specify the minimum amount of zinc coating; (b) to describe the method of de-

termining the uniformity of coating, and (c) to describe the method of determining the

amount of zinc coating.

I want to call attention to a t.\ pographical error in a fornuila given uiuler (c) on

page 308 of the Bulletin. This formula is just inverted. That should read: r=

—

^-^^—

:
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I want to further say that this is simply a mathematical formula, but the method of

stripping the coating from wire was determined by the American Society for Testing

Materials and is used in Federal specifications.

In Section 14 on page 63 of the Manual we also propose three paragraphs: (a) to

deal with the twist of barbed wire; (b) with the tension curve in woven wire fencing,

and (c) with the galvanizing during fabrication.

I move that these changes in the Manual be adopted as outlined.

The President;—You have heard the motion and the second. Is there any discus-

sion? If not, those in favor signify by saying "aye"; opposed likewise. The motion

is carried.

Chairman Geo. S. Fanning:—Our fourth subject is on widening roadbed under

traffic. You will find some interesting information on that in the Bulletin. Also on

the fifth subject, bearing power and other physical properties of soils, including effect

upon roadbed, you will find a progress report.

The same on the sixth subject, extent of adherence to specifications for the for-

mation of the roadway, and the seventh subject, extent of adherence to specifications

for cast iron culvert pipe.

Our eighth subject on service life of culverts is offered as information. I would

like to have time, but I will not take it, to have some discussion on that.

On the ninth subject, e.xtent of adherence to specifications for corrugated metal

culvert pipes, the report is offered as information.

As the tenth subject, jacking culvert pipe through fills, was offered last year as

information, it has been put in shape for the Manual this year. In the absence of the

Sub-Committee Chairman, I will read this by headings only:

"General; Kind of Pipe Suitable for Jacking; Size of Pipe; Direction of Jacking; Ap-

proach Trench ; Unloading and Lining up the Pipe ; The Jacking Set-Up
;
Jacks Re-

quired ; Force; Jacking Procedure; Joining the Pipe; Digging Methods; Waste Disposal;

Procedure in Unstable Soils; Protection of Pipe Against Percolation and Scour."

I move the adoption of this material for the Manual.

The President:—You have heard the motion and the second. Is there any dis-

cussion? If not, those in favor signify by saying "aye"; opposed likewise. The mo-

tion is carried.

Chairman Geo. S. Fanning :^0n our eleventh subject, Methods of protection

against drifting sand, we offered a full report last year but received some additional

information from Japan and the Argentine, which we have given in this Bulletin.

That completes the report of the Roadway Committee.

The President:—It will be accepted as information, Mr. Fanning. Thank you very

much for a very fine presentation of your report. The Committee is excused with the

thanks of the Association (Applause).

DISCUSSION ON HIGHWAYS
(For Report, see pp. 877-908)

Mr. J. G. Brennan (New York Central):—The report of Committee IX is con-

tained in Bulletin 374, page 877. There are a few corrections which .should be made in

the printing.

Appendix A, under Revision of Manual, Fig. 2 which appears on page 65 of \'ol-

ume 33, No. 337, July, 1931, should have been printed with the report and renumbered

Fig. 1 as called for in the note at the end of Appendix A.

Fig. 12 which is printed in Apjicndix A on page 889, should be deleted. This is

covered by Fig. 7.
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Appendix B as printed in Bulletin 374, conies between two portions of Appendix A
and should have been printed after the drawings of Appendix A rather than before them.

In Appendix C the words "Forty Two—Report of Committee IX—Highways"

which appear in the fifth hne from the bottom of page 906 of Bulletin 374 should be

deleted.

Revision of Manual, the report will be presented by Mr. P. M. Gault, Chairman of

that Sub-Committee.

Mr. P. M. Gault (Missouri Pacific) :—Under assignment Revision of Manual,

Appendix A, is printed the present form of specification and the proposed form. There

is a correction on page 879 under proposed form, paragraph (4)', "At crossings where

wigwag or flashing light signals are used, one should be placed on each side of track."

This paragraph should be deleted, as it appears as paragraph (3) on page 878.

I will take the drawings in order. Fig. 2, page 882. Direction 3 reads: "Cross-

buck shall be white with black letters on both sides. If reflector lenses are used, letters

?hall be white on black background." This implies that there would be reflector buttons

on both sides of the crossbuck sign. The Committee desires to revise this paragraph

to read: "Crossbuck shall be white with black letters on both sides. If reflector lenses

are used, the crossbuck shall display the words 'Railroad Crossing' in white letters, with

white reflector lenses on black background toward highway traffic approaching the near

side of crossing."

That same revision is desired in Direction 3 on Fig. 3, Direction 3 on Fig. 4 and

Direction 3 on Fig. 5.

Under Appendix A, sub-paragraph (c) Number-of-tracks sign on highway grade

crossing sign or signal, it is recommended that the number displayed on a highway cross-

ing sign shall be the total number crossed, including sidings as well as main tracks.

Answering the question, "What distance shall be assumed to separate tracks before an

additional crossing sign is concerned?" it is recommended "100 ft. unless local condi-

tions require otherwise." I might say that all of these drawings have been approved

by the Signal Section of the AAR, also by the Joint Committee of the AAR. They have

been favorably acted upon by the Federal Bureau of Roads, the National Conference on

Street and Highway Safety and the National Organization of Utility Commissioners.

They are offered here for inclusion in the Manual, superseding the subject-matter

now there, with the revisions which I have read, I move their acceptance.

The President:—You have heard the motion and the second. Is there any discus-

sion? If not, those in favor signify by saying "aye"; opposed likewise. The motion is

carried.

Chairman J. G. Brennan:—Subject 2, Economic aspects of grade crossing protection

in lieu of grade separation, is a progress report only.

Subject 3, Specifications for highway crossings at grade over railway tracks, both

steam and electric, collaborating with Committee I—Roadway, and with American So-

ciety of Municipal Engineers and American Transit Association, is a progress report only.

Subject 4, Comparative merits of various types of grade crossing protection, collab-

orating with Committee X—Signals and Interlocking, and with Signal Section, Safety

Section and Highway Research Board, is a progress report only. This is offered as in-

formation.

The President:—It will be so accepted.

Chairman J. G. Brennan:—Subject 5, Difference in costs of highways of various

types due to different weights and lengths of trucks. This is a progress report and is

offered as such.

The President:—It will be so accepted.
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Chairman J. G. Brennan;—Subject 6, Action taken by various governmental bodies

in the United States and Canada for the control and taxation of traffic over highways,

Appendix C. This is offered as information.

The President:—It will be so accepted.

Chairman J. G. Brennan:—That completes the report of the Committee on High-

ways.

The President:—Is there any discussion on this report, gentlemen? If not, the Com-
mittee is excused with the appreciation of the Association for their excellent handling of

the assignments and presentation of the matter (Applause).

DISCUSSION ON BUILDINGS
(For Report, see pp. 579-6,^0)

Mr. G. A. Rodman (New York, New Haven & Hartford):—The report of Com-
mittee VI—Buildings, will be found on page 579 of Bulletin 373.

The Committee reports progress on three subjects, 3, 4 and 5. Reports are sub-

mitted on five subjects: 1, 2, 5, 7 and 9.

The report on 1, Revision of Manual will be presented by Mr. 0. G. Wilbur.

Mr. O. G. Wilbur (Baltimore & Ohio):—The Committee has reviewed its material

in the Manual and offers in this year's work the revisions as found on pages 580, 581,

582, 583 and 584 in Bulletin 373.

Under the subject of Definitions, the Committee recommends that the definitions

on pages 263 to 264 be omitted. Twelve of these definitions cover subjects reported on

by other committees, and the other seven are adequately defined in the text.

The Committee moves that these definitions be omitted from the Manual.

The President:—You have heard the motion and the second. Is there any dis-

cussion? Those in favor signify by saying "aye"; opposed likewise. The motion is

carried.

Mr. O. G. Wilbur:—On page 265 of the Manual the subject-matter relating to

heating is revised as indicated on page 580. Shall I make motions on each of these?

The President:—As you may wish.

Mr. O. G. Wilbur:—On page 267 of the Manual, the Committee recommends the

change in form relating to location and design of signs for passenger stations.

On page 270 the Committee recommends a change in the descriptive matter dealing

with clearances for roof structures, and again on page 272, dealing with clearances for

platforms, all matter covering same being referred to the clearance diagrams as recently

prepared by the Special Committee on Clearances.

On page 581 and 582 the forms relating to designs of various items in connection

with ice houses and icing stations are revised. There are no revisions in the present re-

port referring to oil houses, rest houses, section tool houses, roofings, floors for railway

buildings and paints for railway buildings.

Under Section 10-D on page 582 are recommended changes dealing with Built-Up

Roofing, Specification Type B-1 ; under Section 30-A, specification for Steel Chimneys;

under Section 3Q-B, Brick Chimneys, and under Section 30-C, Reinforced Concrete

Chimneys.

I move that the recommended changes as referred to be adopted.

The President:—You have heard the motion and the second. Is there any discus-

sion? If not, those in favor signify by saying "aye"; opposed likewise. The motion

is carried.

Chairman G. A. Rodman:—Subject 2, Preparation of Specifications for Railway

Buildings, will be presented by Mr. F. R. Judd.
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Mr. F. R. Judd (Illinois Central):—The report on Specifications for Railway

Buildings includes the offering of five specifications which were printed last year, for

inclusion in the Manual this year, the first being Section 30-D, Steel Chimneys—Welded.

This specification is prepared along the lines of the one for steel chimneys previously

adopted for the Manual, with the exception that it has been developed exclusively for

welding instead of riveting. The requirements on welding conform with those published

by this Committee in Vol. 32, 1931, and also with the recommendations presented by the

Committee on Iron and Steel Structures published in Vol. 34, 1933.

The specifications were submitted to several leading fabricators for their criticisms,

and we are informed that they fully meet the requirements of present shop practice

and field practice. We therefore move the adoption of this specification for publica-

tion in the Manual.

The President:—You have heard the motion and the second. Is there any dis-

cussion? If not, all those in favor please say "aye"; opposed hkewise. The motion is

carried.

Mr. F. R. Judd:—The next specification is 30-E, Genuine Wrought Iron Chimneys.

This specification has been developed in view of the increasing use of wrought iron, and

particularly on account of the desirability for use in chimney construction, and also with

the idea that it can be used as an alternate for steel. The general arrangement follows

closely that of the steel chimney specifications previously adopted for publication but

with such changes as are necessary for the use of wrought iron. In the preparation of

this specification the manufacturers have also been consulted. The specification does not

repeat any of the work in steel specifications, but refers to such clauses as can be used in

their entirety in this specification.

It is recommended that the Specifications 30-E for Genuine Wrought Iron Chim-

neys be adopted for publication in the Manual. I so move.

The President:—You have heard the motion and the second. Is there any discus-

sion? If not, those in favor signify by saying "aye"; opposed likewise. The motion is

carried.

Mr. F. R. Judd:—The next specification is that of Built-up Roofing, Section 10-D.

This specification covers Type C-1 (Class 1) which provides for a built-up smooth

surface asphalt impregnated asbestos felt and asphalt roofing to be applied on roof

decks of wood or pre-cast units. It is similar to the smooth surface asphalt roofing

specificaHons now in the Manual with the exception that it is for 4-ply construction in-

stead of three.

The specification C-2 (Class 1) covers the same type of asphalt impregnated asbestos

felt and asphalt roofing with such changes as are necessary for use over homogeneous

roofs cast in place.

In the preparation of these two specifications the recommendations of the leading

manufacturers of these materials have been followed both as to manufacture and ap-

plication. These specifications are part of the general specifications on Built-Up Roofing

which is Section 10-D and which is divided by the subletters A, B, C and D, so as not

to have to repeat the specification on materials.

It is moved that this specification, Section 10-D be adopted for publication in the

Manual.

The President:—You have heard the motion and the second. Is there any dis-

cussion? If not, those in favor signify by saying "aye"; opposed likewise. The motion

is carried.

Mr. F. R. Judd:- Section 31-A, Wood Screens. This specification has been pre-

pared to cover the manufacturing and placing of wood screens for windows, transoms
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and doors, and is based on the recoRnized current practice and so arranged as to pro-

vide for different types and kinds of materials which vary considerable. Notation has

been given at the conclusion of the specification so as to make it adaptable to the use

of customar\' materials in vogue in different parts of the country.

Section 31-B is the same specification but covers Metal Screens. It is recommended

that these specifications be adopted for publication in the Manual. I so move.

The President:—You have heard the motion and the second. Is there any discus-

sion? Those in favor signify by saying "aye"; opposed likewise. The motion is carried.

Mr. F. R. Judd:—This Sub-Committee also offers at this time as information and

for criticism the following specifications:

Section 30-F, Genuine Wrought Iron Chimneys—Welded.

Section 30-G, Reinforced Brick Masonry Chimneys.

Section 10-D, Built-up Roofing, Type D-1 ; Asphalt Rag Felt and Asphalt (Smooth

Surface) over Wood or Pre-cast Units; Built-up Roofing, Type D-2 ; Asphalt Rag Felt

and Asphalt (Smooth Surface) over Homogeneous Roofs Cast-in-place.

In order that you will understand, the specifications just adopted are for asbestos

felt, while these are for rag felts. They are offered as information and for criticism

during the coming year.

The President:—It is hoped that these will receive criticism and discussion during

the coming year, gentlemen. Is there any further discussion at this time on these

specifications ?

Chairman G. A. Rodman:-—Subject S, Bus Terminal Buildings. The report will be

presented by Mr. Wilbur, Chairman of the Sub-Committee.

Mr. O. G. Wilbur:—The report of this Sub-Committee is found in Appendix C on

pages 596 to 601, Bus Terminal Buildings, isolated and in conjunction with Railway

Stations. I would like to read the first sentence of the report and then just briefly

touch on the outstanding features:

"The recognition of the motor coach, as a phase of transportation bearing certain

definite relations to railroad transportation, prompts a consideration of terminal facilities

for bus operation."

The report briefly touches on the factors determining location. There is a short

paragraph introduced, merely as a flag, on the subject of leasing or purchase. There

is a discussion on conservation of space. There is a review of the several types of

service

:

"(a) Direct transfer service—where a platform is situated between a track and a

bus driveway.

"(b) Railroad stations—where bus service is used in conjunction with railroad

terminal buildings.

"(c) City station.s—where buses either enter or stop at mid-cil\ buildings."

A general paragraph on designing, together with several sketches of what seemed

to be well-planned terminals is offered. The report concludes as follows:

"Monumental bus terminals are not demanded by the public; bus terminals includ-

ing public conveniences and located near centers of population and traffic density, lend

them.selves more readily to public use.

"Under-cover loading and freedom from traffic interference are extremely important

factors to be studied in terminal development.

"Through lanes of traffic to avoid turning and backing are much to be desired."

I would like to call attention to an error in printing on page 601. The diagram at

the top of that page is the diagram of a terminal located in New York City, the de-

scription of which appears at the bottom of the page, and the diagram at the bottom
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of the page is the terminal at Huntington, West Virginia, which description appears in

the middle of that page.

The report is offered as information.

The President:—It will be so accepted. Is there any discussion, gentlemen?

Chairman G. A. Rodman:—^Subject 7, Vermin and Ratproofing in Buildings. Mr.

Irwin, Chairman of the Sub-Committee, is not present, but the report is shown on

page 602, Appendix D. It is submitted as information and as a final report.

The President:—It will be so accepted.

Chairman G. A. Rodman:—Subject 8, Mill Type and Other Heavy Wood Construc-

tion for Railway Buildings. This report contains a lot of new features. As Mr. Upson,

Chairman of the Sub-Committee, is not present, the Committee submits the data shown

in Appendix E as information and invites constructive criticism and suggests that com-

ments be submitted in writing to the Committee, and that the subject be continued.

The President:—It will be so accepted in the hope that discussion will come for-

ward in the course of the coming year. Is there any discussion from the floor?

Chairman G. A. Rodman:—Subject 9, Study of Economic Value of Various Basic

and Composite Materials Used in Building Construction and Maintenance, Appendix F.

The report will be presented by Mr. W. T. Dorrance.

Mr. W. T. Dorrance (New Haven) :—The report is found on page 629. It is sub-

mitted as general information only.

The President:—It will be so accepted, Mr. Dorrance.

The Committee is relieved with the thanks of the Association for its excellent report

(Applause).

DISCUSSION ON WATERWAYS AND HARBORS
(For Report, see pp. 211-241 and 909-910)

Mr. A. P. Wenzell (New York Central):—About six years ago the Board of Di-

rection of this Association recognized the need of studying and reporting on subjects re-

lated to water transportation, particularly those associated with water terminals.

It is true the railroads were not as a rule engaged in both water and land transpor-

tation, but there were many evidences of the immediate need of studies connected with

harbors, docks, piers and river bank protection. The studies were begun under the

direction of a Special Committee, with Wm. G. Atwood as Chairman. This Com-
mittee has now become a permanent one known as the Committee on Waterways and

Harbors.

With the activities of the Federal government in developing inland waterways, the

subjects assigned to Committee XXV are of great importance to all the railroads. We
have to-day a situation that has never confronted the land carriers heretofore. Federal

Engineers all over the United States are working under instructions of the Congress to

make surveys and report on the feasibility of greatly enlarging existing waterways and

building connecting channels such as those between the Great Lakes System and the Ohio

River System or the relocation, improvement and enlargement of the Great Lakes to the

Gulf waterway.

In addition to the inland waterway development there are other projects, such as the

St. Lawrence Waterway, under consideration by the Federal administration, which are

of greater import than the inland waterway problems we are studying to-day.

These problems may at first seem to concern only the physical adjustments which

must be made to the property of land carriers. The relocation and widening and deep-

ening of waterways necessitates the lengthening of railway bridges, changing railway

bridges from fixed to movable spans, relocation of railways and also raising the grade
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line of the railway tracks to give greater vertical clearance to provide space for larger

capacity water carrier units.

Such phases of the problem are susceptible of engineering determination. However,

the study of waterway projects leads the student into lields far beyond the generally ac-

cepted mathematics of engineering. Members of this Association are naturally quali-

fied to consider, and the railroads are interested in, other vitally related problems, so our

reports on projects do not usually stop with the engineering answer. We are also led

to inquire into savings, economic operating results and ultimate economy. We are try-

ing to ascertain the available volume of traffic that would be served by any given

waterway project, estimate the operating costs, determine the fixed charges and then set

up the gross earnings in contrast with all of the costs.

Briefly, our problem concerns not only the initial engineering costs, but looks to the

solution of the problem in the broader and more comprehensive aspects of economic

justification.

Before the report is made, it is fitting that the Committee announce that it sustained

a serious loss during the past year through the death of one of its members, Wilbur

Gayle Brown, Engineer Maintenance of Way, Florida East Coast Railway. A memoir

to the late Mr. Brown is presented on page 212 of Bulletin 371.

The Waterways and Harbors Committee was assigned eleven subjects and will make

reports on eight of them. The report will be found in Bulletin 371, commencing on

page 211. In the absence of Mr. E. H. Roth, Chairman of Sub-Committee 1, I will

present the report which is shown on pages 212 and 213 and designated as Appendix A.

The Manual of 1929 contains nothing that pertains to the work of this Committee.

However, Bulletins 327, 337, 341, 347 and 363 contain certain reports made by this

Committee. We have carefully considered these previous reports and find that certain

revisions are in order, and therefore recommend that the following changes be made

for future issues of the Manual.

In Bulletin 327, page 92, we find under Allowance for Swell in Scow Measurement

—

Dredge Work, the following in paragraph 3: "In maintenance it is customary to pay

on the basis of cost plus an agreed profit." After the word "profit" the Committee

proposes to add "or scow measurement, with no allowance for swell." I so move.

Mr. Robert H. Ford (Rock Island):—I second the motion.

The President:—You have heard the motion and the second. Is there any dis-

cussion? Those in favor signify by saying "aye"; opposed likewise. The motion is

carried.

Vice-Chairman A. P. Wenzell:—In Bulletin 327, page 92, it is stated: "A fair

allowance may be:" The Committee proposes to change this to read: "Fair allow-

ances are as follows:" I move this change.

Mr. Robert H. Ford:—I second the motion.

The President:—You have heard the motion and the second. Is there any discus-

sion? Those in favor signify by saying "aye"; opposed likewise. The motion is carried.

Vice-Chairman A. P. Wenzell:—Bulletin 337, page 101, under Work to be Done,

paragraph 2 calls for "banks at the sides sloped at an angle not flatter than 1 on 3,

unless otherwise specified." Your Committee recommends that this be changed by

omitting the figures determining the slope. I move that this change be made.

Mr. Robert H. Ford:— I second the motion.

The President:—You have heard the motion and the second. Is there any discus-

sion? If not, those in favor signify by saying "aye"; opposed likewise. The motion is

carried.



1Q42 W a t c r w a y s and H a r b o r s ___^_

Vice-Chairman A. P. Wenzell:—Bulletin 337, pages 105 to 109, contains Specifica-

tions for Levee Construction. Due to the specifications being too general, the Com-
mittee recommends they be withdrawn, and I so move.

Mr. Robert H. Ford:—I second the motion.

The President:—You have heard the motion and the second, gentlemen. Is there

any discussion ? Those in favor signify by saying "aye" ; opposed likewise. The motion

is carried.

Vice-Chairman A. P. Wenzell:—In Bulletin 347, on page 75, appear specifications

covering the several types of river bank protection and levees in common use. It is

felt that these specifications are too general, and since the subject is continued for fur-

ther study the Committee recommends that all of the material be withdrawn. I so

move.

Mr. Robert H. Ford:—I second the motion.

The President:—You have heard the motion and the second, gentlemen. Is there

any discussion? Those in favor signify by saying "aye"; opposed likewise. The motion

is carried.

Vice-Chairman A. P. Wenzell:—It is recommended that all of the definitions ap-

pearing in Bulletin 341, Appendix A, on pages 208 to 213 be placed in the Manual, also

the definitions in Bulletin 363 under Appendix B, pages 678 and 679, excepting the defi-

nition given for Economic Justification. These definitions to be arranged in alpha-

betical order and combined with the additional definitions which will be recommended

by Sub-Committee 2. I move that this be done.

Mr. Robert H. Ford:—I second the motion.

Mr. J. C. Irwin (Boston & Albany):—This Committee has done some splendid

work and has gotten a great deal of valuable material together. I do not like to be

super-critical about anything, but my attention has been called to the definition of the

word "Island" on page 216, where it says that an island is a bar covered with cotton-

wood and other timber.

Possibly the men who compiled this are used to that kind of an island, but there

are many kinds of islands, and it seemed to me we should not specialize on one of that

kind. I happen to come from a territory where a good many of the islands are com-

posed of rock and may be covered with buildings. So I really think a specific defini-

tion of that kind should be eliminated from these definitions. I ask whether the Com-
mittee will consider that revision.

Vice-Chairman A. P. Wenzell:—The Committee will be very glad to do so.

The President:—Do you accept that as a deletion at this time?

Vice-Chairman A. P. Wenzell:—Yes, at this time. If a definition for this word is

still thought necessary, it will be again submitted.

The President:—The definition of "Island" is removed. Is there any further dis-

cussion of the definition.s? Those in favor of the motion please say "aye"; opposed

likewise. The motion is carried.

Vice-Chairman A. P. Wenzell:—Assignment >2, Definitions of Terms, will be found in

Bulletin 371, Appendix B, on page 213, Mr. W. C. Swartout, Chairman of this Sub-Com-

mittee, will present the report.

Mr. W. C. Swartout (Missouri Pacific):—The final word of this Sub-Committee has

already been given by Mr. Wenzell, which is the recommendation that the definitions

be adopted by the Association and printed in the Manual. However, in working up

the definitions, there are some acknowledgments which should be made, and I beg leave

to submit those.

This Sub-Committee has made a careful philological study of words and terms in

general use on work connected with rivers and harbors, presenting our first report to
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the 1931 convention, found on page 608 of Vol. 32 of the Proceedings. Since that time

we have been revising and modifying the definitions then presented as information, and

preparing definitions of other words brought to our attention by various members and

by our own reading.

It has been urged by ?omc of our members that this is a useless expenditure of

effort, inasmuch as everyone has or should have a good dictionary. May I say that the

Committee's first line of attack was on the dictionary, a good one, and we found, not

in few but in many cases, that the dictionary definition was the common, every-day

meaning and not the meaning when the word was used in an engineering report or dis-

sertation. We have consistently tried to build this latter meaning.

As stated in our report of 1Q33, we have been most generously assisted by Prof.

C. C. Fries, Professor of English, University of Michigan. Professor Fries has taken a

very great interest in our work because it has presented to him an opportunity to study

a phase of dictionary work often overlooked or not closely studied by tho.se developing

definitions of words and terms, that is, the strictly technical meaning. We are deeply

indebted to him for this assistance.

We have also received most valued suggestions and criticisms from Mr. E. E. R.

Tratman and other members of the Association, not members of Committee XXV, dur-

ing the years we have been engaged upon this work. To these we also wish to e.xtend

our very earnest thanks for their sympathetic cooperation.'

The definitions reprinted and presented in Bulletin 371 have now been before the

Association four years. There have been no material changes or revisions from the

definitions presented in the 1932 Proceedings, beginning on page 208 and the small

additional list presented in 1934, beginning on page 678.

We have endeavored to impress the membership with the fact that we welcome

criticisms or suggestions of any kind, in order that we might take cognizance of each

member's thought on these essential questions, for, after all, the foundation or basis of

any engineering discussion or contract must be the definitions of the terms used, and

it is impossible to get such reactions at the convention in view of our rule that defini-

tions are not subject to debate.

As we have received no suggestions or criticisms during the past year, it is a fair

conclusion that the definitions are now in form satisfactory to the Association.

I had intended making a motion, but as that has been taken care of in Mr. Wen-
zell's statement on Revision of the Manual, they are already approved for inclusion in

the Manual.

Vice-Chairman A. P. Wenzell:—Assignment 3 covers suitable types of construction

for levees, dikes and mattresses for use under varying service conditions. We report

progress on this assignment.

The report of Sub-Committee 4 is .shown in Bulletin 371, beginning on page 219,

under Appendix C. As Mr. P. J. McCarthy, Chairman of the Sub-Committee, is absent,

I will present the report.

These specifications were presented at the Annual Meeting in March, 1934, and re-

ferred back to the Committee for modification and changes. These changes have been

made. The specifications as revised are presented to the Association with the recom-

mendation that they be adopted and printed in the Manual. I so move.

Mr. Robert H. Ford:— I second the motion.

The President:—You have heard the motion and the second. Is there any dis-

cussion of the specifications? If there is no discussion, those in favor of (he motion

please say "aye"; opposed likewise. The motion is carried.
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Vice-Chairman A. P. Wenzell:—Our assignment S covers types of bulkheads, jet-

ties and seawalls, giving cross-sections of each and stating the purpose which they

serve, including comparisons of first cost, service life and maintenance cost of the vari-

ous types. Progress is reported in this study.

Report of Sub-Committee 6, types of fender systems for protecting wharves and

suitable uses for each, including comparisons of first cost, service life and maintenance

cost of the various types, is found in Bulletin 371, on page 222, Appendix D. Mr. Ben-

jamin Elkind, Chairman of the Sub-Committee, will present the report.

Mr. Benjamin Elkind (Erie):—Last year's report of this Sub-Committee considered

the purpose of fender?, various kinds of fenders in use in different sections of the coun-

try, and described the three general types—fixed, spring and floating.

This year's report discusses types and adaptability, kind of timber used, first cost,

annual cost, service life and maintenance. The information for this report was ob-

tained from the replies to questionnaire sent principally to the members of this Com-

mittee, which members represented railroads having water terminals in almost all parts

of the country. Each reply has been tabulated and described under suitable headings.

These tabulations are on file in the Secretary's office, and anyone interested may consult

them.

This report is submitted as information.

The President:—It will he so accepted. Is there any discussion on this report?

Vice-Chairman A. P. Wenzell:—Report of Sub-Committee 7, types of warehouse

piers, coal and ore piers, car float piers and others, suitable for use under various con-

ditions, including comparisons of first cost, service life and maintenance cost of the

various types, will be found in Bulletin 371, page 228, Appendix E, under the heading

"Ore Docks or Piers on the Great Lakes for Loading Vessels by Gravity."

Mr. R. C. Young, Chairman of the Sub-Committee is suffering from a bad cold, so

Mr. Swartout will present the report.

Mr. W. C. Swartout:—This Sub-Committee has attempted to cover in this report

types of ore docks or piers on the Great Lakes designed for loading vessels by gravity,

including comparisons of first cost, service life and maintenance cost of the different

types. The different structures are identified by letters to avoid referring to the car-

rier owner.

Relerring to the Bulletin, the table on page 229 shows the comparison of original

cost per pocket and the original cost per ton capacity, also the same cost reduced by a

factor to the 1931 reproduction cost. The annual maintenance costs in the same table

are actual. However, the Committee realizes that these costs should be on the basis of

actual tonnage rather than on ton capacity, but these figures were not available.

The paragraph on page 231 regarding cost of approaches, that is, the first reading

paragraph on the page, should be inserted on page 230 just before the Bureau of Valu-

ation table. This change will be made in the final report. It is understood that the

comparison in cost of approaches to the various structures does not mean much, but it

will show to interested parties what the maximum and minimum cost might be under

varying conditions of topography.

The cuts on pages 232 and 233 are intended to show two types of foundation. Both

of these cuts show the closed type of foundation. The cut on page 232 shows the foun-

dation enclosed by timber sheet piling, but the words "timber sheet piling" are omitted

from the cut and should be supplied. The cut on page 233 is another enclosed type but

with a timber crib enclosure, which likewise has been omitted from the cut and should

be supplied. These notes will be made on the sketch in the final report.

The cut on page 235 shows one type of pocket front and pocket doors with some

of the chutes and the hatches of a 10,000-ton steel ore carrier.
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Some figures showing comparative costs of different types of foundations, identified

by letters, are shown on page 234.

The Committee recommends that this report be received as information, and the

matter covered by the report be continued for further study.

The President:—Is there any discussion, gentlemen? The report will be accepted as

information.

Vice-Chairman A. P. VVenzell:-—Subject 8, ^e and depth of slips required for vari-

ous traffic conditions, including cost of construction and of maintenance. Progress is

reported on this study.

The next report, that of Sub-Committee 9, Harbor structures, is shown as Appendix

F on page 236 of Bulletin 371. In the absence of Mr. C. U. Smith, Sub-Committee

Chairman, Mr. Benjamin Elkind will present the report.

Mr. Benjamin Elkind:—This report briefly defines harbor structures, states several

specific recommendations for construction and maintenance, describes three general

classes of harbors, recommends a closer cooperation on the part of the government with

the railroads and other interests in the development of harbor work and points out

where detailed information may be obtained in connection with harbor structures.

This report is submitted as information.

The President:—Is there any discussion, gentlemen? The report will be so ac-

cepted.

Vice-Chairman A. P. Wenzell:—Our next report is that of Sub-Committee 10,

Economic principles involved in clearances over navigable waterways. This is shown
under Appendix G, page 238, Bulletin 371. I will ask Mr. Robert H. Ford, Chairman
of the Sub-Committee, to present the report.

Mr. Robert H. Ford (Rock Island) :—Numerous studies which have been made dur-

ing the past few years of public and semi-public documents having to do with public

improvements, have indicated a very definite need for some form of guiding principle

or what may be termed a yardstick by which to measure the justification (more properly,

economic justification) for such expenditures. The principle is the same whether these

outlays be in the form of enforced withdrawals of private funds or financed from public

funds in the sense that these additional tax levees are public funds.

On the theory that land transportation facilities, such as railway bridges and ap-

proaches, must be readjusted in the interest of inland waterway navigation as and when
occasion demands, railway engineers are continually required to examine into such mat-

ters, make estimates and studies, and attend hearings before public and other authority,

as well as review in detail the claims of proponents who for various reasons advocate

these and other classes of public improvements.

The result of this work has developed a widespread appreciation of the disparity

in the technical and economic approach of this class of problems between civil techni-

cal authority on the one hand and, in many instances, public or other authority on the

other, whereas in the public interest there should be no difference whatever because in

the final analysis the warrant for such proposals should be based upon a suitable collec-

tion and presentation of ail facts without prejudice or discrimination as a prerequisite

for an orderly determination, warrant, or justification for the proposal.

The first essential, therefore, would appear to be that all of the probable costs, as

far as they can be identified, should be collected and, similarly, all of the benefits that

would be obtained as result of the improvement should be set out in such a way as to

afford direct comparisons between the costs and the benefits. When this has been done

the warrant for the expenditure, termed economic justification, can then be fairly de-

termined.
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It has been found by your Committee that there is no commonly accepted uni'er-

standing on the definitions of COSTS, BENEFITS, and ECONOMIC JUSTIFICATION
when used in connection with public improvements. It is their belief that in the public

as well as private interest these definitions should now be clearly and definitely stated.

The Committee, therefore, has attempted to set up such definitions but before doing

so it was concluded that the purpose and scope contemplated therein must also be stated

with equal clarity before undertaking to formulate the actual definitions, which are un-

derscored in the report. At best, this assignment has been no easy matter and in the

recommendations which follow the Committee has sought the advice and assistance of

leading economists, technicians, and other qualified persons and groups. It is from this

background that the report is herewith presented.

Meanwhile, the demand for something definite in character became necessary during

the year and with the approval of 'the Asociation of American Railroads and the Board

of Direction of this Association, the Engineering Division has issued these definitions to

the railroads, members of this Association, and other interested persons in the form

herein reported, which is practically the same as reported by Committee XXV—Water-

ways and Harbors at the last Convention.

With the above explanation, the Committee is now asking that its report be approved

as recommended practice and printed in the Manual. Accordingly, I move the adoption

of the report.

The President:—You have heard the motion and the second. Is there any dis-

cussion? Those in favor of the motion please signify by saying "aye"; opposed like-

wise. The motion is carried.

I am informed that the Secretary has a resolution to read in connection with this

report. Will the Secretary please read the resolution?

The Secretary:
—"Be it Resolved, That Appendix G, pages 238 and 239, Bulletin 371,

if adopted as submitted by the Waterways and Harbors Committee, shall be printed

in the Manual under the general subject of Public Improvement Projects, Their Costs

and Benefits.

"Also, that this resolution shall be printed in the 193S Convention Proceedings

under an appropriate title which will direct attention to the broad field of application

of the principles which are stated in this Appendix G."

The President:-—Is there a second to that?

Mr. R. E. Warden (Missouri Pacific) :—I second it.

Mr. H. F. King (Erie) :—I second it.

The President:—You have heard the resolution. Is there any discussion? Those

in favor say "aye"; opposed likewise. The resolution is carried.

Vice-Chairman A. P. Wenzell:—Report of Sub-Committee 11, Cost to Railways

for construction, maintenance and operation of bridges over navigable waterways, will

be found in Bulletin 371, on page 240, under Appendix H. Mr. F. E. Morrow, Chair-

man of the Sub-Committee, will present the report.

Mr. F. E. Morrow (Chicago & Western Indiana) :—The report on this subject was

presented last year, and the principles set forth in the report were approved by an

appropriate resolution. The Committee does not offer any additional material or ad-

ditional recommendation this year.

However, it was suggested to the Committee that the four principles that were

recommended as being equitable in the allocation of expenses on projects of this kind

should be printed in the Manual so that they would not become lost in the Proceed-

ings. It should be borne in mind that the application of these principles will depend in

very large measure upon our ability to secure the necessary changes in Federal laws.
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The four principles are numbered 1, 2, 3 and 4 at the end of this year's report.

I move that they be adopted for printing in the Manual.

The President:—You have heard the motion and the second. Is there any dis-

cussion? Those in favor of the motion will please signify by saying "aye"; opposed

likewise. The motion is carried.

Vice-Chairman A. P. Wenzell;—On page 909, Bulletin 374, is a supplemental report

of Committee XXV. Mr. Ford, Chairman of Sub-Committee 10, has a statement to

make in connection with this subject.

Mr. Robert H. Ford;—This refers to a collection sheet which was inadvertently

printed in the Bulletin for inclusion as Manual material. The purpose was to submit it

merely as information to the end that a greater degree of uniformity might be obtained

in the collection of information concerning expenditures for construction and maintenance

made by the railroads in connection with inland waterway structures. No action is re-

quired by the Convention.

The President:—This will be accepted as information. Is there any discussion on

it, gentlemen?

Vice-Chairman A. P. Wenzell:—This concludes the report of Committee XXV.
The President:—I wish to compliment the Committee on its work during the past

year. It has done a large amount of work. That work has been recognized by the

Association of American Railroads in a rather unusual manner. The Committee is ex-

cused with the thanks of the Association (Applause).

DISCUSSION ON STANDARDIZATION
(For Report, see pp. 439-451)

Mr. J. C. Irwin (Boston & Albany):—As the President has told you, this Commit-

tee is made up of the Chairmen of all Committees, together with additional representa-

tives from Canada—Mr. J. R. W. Ambrose and Mr. F. L. C. Bond.

The report of the Committee is presented as information. There is nothing to

present for adoption by the Association. You will find the report in Bulletin 373, on

page 439.

Our first assignment is "Encourage the use of AREA recommended practices and

consider subjects for recommendation to the Board of Direction for sponsoring as

projects for National Standardization." That really consists of two assignments.

In connection with the first assignment, "Encourage the use of AREA recommended
practices," for several years this Committee has directed attention to the value of the

material in the AREA Manual in view of the processes by which it has been developed

and adopted. At the same time it has endeavored to present the distinction between

tho;e approved practices in which uniformity of use is of value to the railways as a

whole and those which are merely useful for reference in cases where information in

regard to approved practices is desired, but where the study in hand does not affect

the railways in general.

Sometimes the question is asked as to what e.xtent a railroad should be asked to give

UD its local standards in order to use the AREA recommended practices. On that account

this Committee has gone back to one of its previous reports to note the distinction be-

tween that part of the Manual which is really a reference book to help the individual,

and that part where it would be useful to adopt the practice because use by one railroad

affects another or affects the railroads and industries in common. I would like the

privilege of referring to a part of one of our early reports in this way:

"Reference to the Manual for information or for guidance on procedure, constitutes

use which amply warrants its existence, whether the basic 'recommended practice' is
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followed absolutely or not. In many cases where a matter of design or other practice

affects no other railway and no outside party, modifications of recommended practice?

can be made to suit the user without question of detriment to others.

"In matters affecting two railways, each one having relations with other railways,

the greater importance of uniform practice is clear.

"In matters where various railways have similar interests with industries which
they serve, manufacturers from whom they purchase, contractors with whom they deal,

or with the public, the desirability for uniform practice is emphasized, so that the acts

of one party having interest in one case will not be detrimental to the parties in other
similar cases.

"While limitations on such uniform practices must be recognized, yet, if individual

users are willing to subordinate some of their views for the general good, there will be
much more extensive acceptance of the material in the Manual, as recommended."

This Committee has, to some extent, analyzed and classified the material in the

Manual in connection with the uses with which it is designed, and on page 440 you will

notice six of those classifications.

Consideration of the material in the Manual may clarify views on the relative im-

portance of the general use of its various approved practices.

"This Committee encourages extensive use of the AREA Manual on account of

its value. It emphasizes its views, heretofore expressed, that uniformity of practice is

of the greatest importance in matters which involve relations between railways and other

interests or between two or more railways, they in turn having similar relations with
other railways or outside interests. In such cases, the Manual supplies the approved
practice for general use.

"In general, the railways benefit by the reduction in the number of types, sizes and
specifications as to quality of tools and materials, attained through simplified and uni-

form practice by reason of cheaper production in quantity and reduction in stock re-

quired to be carried."

Many of you have noted the emphasis placed by Railway Engineering and Mainte-

nance on the multiplicity of types of tools and, in fact, on some of our basic materials

which involve a great deal of money, and I feel that we are constantly getting down to a

more simplified practice in many of these things.

The second part of subject 1 is "Consider subjects for recommendation to the

Board of Direction for sponsoring as projects for national standardization."

During the past two years this Committee has considered several subjects developed

by AREA committees or otherwise presented to it as suitable for national standardiza-

tion and has recommended that the AAR be requested to become a sponsor under ASA
procedure for the projects listed below. These recommendations were approved by the

AREA Board of Direction and by the General Committee of the Engineering Division.

The next move is to ask the AAR to act as a sponsor, to see that these progress to the

American Standards Association, which you know, I believe, is composed of most of

the major industries, the scientific bodies and the government departments meeting to-

gether and having representatives on the Standards Council, and considering these mat-

ters, the detail being handled by sectional committees appointed for special study.

The first of these which we have now to recommend is the presentation of Wire

and Sheet Metal Gages. There has been a project, B-32, under the American Standards

Association for sometime, in which the American Society of Mechanical Engineers and

the Society of Automotive Engineers have been the sponsors. They have made very

little progress. Our representatives on the sectional committee which is assigned to

study that subject are Mr. H. G. Morgan of the Signal Section and Mr. J. A. Jones of

the Telegraph and Telephone Section.

On account of the inactivity of that committee and their failure to make progress,

it has been suggested that the Association of American Railroads can be of help if they
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will join in the sponsorship. We arc now asking that this be done so that the committee

can be reorganized and include some men from the Mechanical Division, and see what

can be done towards getting something uniform on wire and sheet metal gages.

Specifications for Creosote and Specifications for Creo.sote Coal-Tar Solution are

in a very good position of being accepted as a national standard, because the AREA,
the ASTM and the AWPA have come to an agreement on a suitable creosote specifica-

tion. The last unit of that will be acted on this afternoon, probably, and it is considered

to be an advantage to the industry in general to have that approved as an American

Standard under the procedure of the American Standards Association. The ASTM has

already agreed to act as joint sponsor with the AAR in putting that through as a

project of the ASA.

Another one is Four-Section and Two-Section Track Scales which our Yards and

Terminals Committee has asked to have accepted as an American Standard on account

of the joint interest of the industries and railroads in that subject. In fact, these have

already been approved by the AREA and also by the National Bureau of Standards.

Both the AREA, through the AAR, and the National Bureau of Standards are repre-

sented in the American Standards Association.

On subject 2, Maintain contact with standardization bodies and keep the Association

informed on important matters developed by such contact, I am going to ask Mr. A. R.

Wilson to present the report.

Mr. A. R. Wilson (Pennsylvania) :—This portion of the report appears rather

long, but I think it well to briefly review what the Committee is doing in this respect.

In order to better inform ourselves, to learn of the activities of other associations

along this line, at the same time not to overlap their efforts or to conflict in their results,

several meetings of this type have been held. The first one was held with the National

Bureau of Standards in Washington in 1931.

Following addresses by members of that organization discussing our committees'

activities, a tour of the laboratories was taken.

The second meeting of this type was held with the American Standards Association

in New York in May, 1932, with Dr. P. G. Agnew, Secretary of the American Standards

Association, speaking on "Organization and working methods of the ASA, its relations

with member bodies and other standardizing organizations."

The third meeting of this character was influenced by the appointment of the Fed-

eral Coordinator of Transportation and the creation of the Section of Purchases with

R. L. Lockwood as Director. This joint meeting was held in Chicago in 1933.

The synopsis of these three meetings gives an idea of the progressive programs fol-

lowed by this Committee.

The fourth meeting of this character was held in Montreal in May of 1934 with

representatives of the Canadian Engineering Standards A.ssociation. President Armstrong

made the opening address of welcome in his home city and expressed the view that

standards, the adoption of which can be 'brought about by education, cannot be made

truly effective by compulsion.

Vice-Chairman Ambrose also welcomed the Committee to the city of Montreal.

Mr. Bond, representing Canadian Practice on this Committee, spoke as a member of the

main committee of the CESA and gave a brief outline of the history and policy of the

CESA and referred to Canadian standardization practice.

Mr. Howson, Editor of Railway Age, at this meeting referred to changes taking place

in railway equipment, the growing use of aluminum and special metals and urged care

in the consideration of things that are in an unsettled state, avoiding haste but not stand-

ing in the way of progress.
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If you will refer to this report you will notice that both the officers of this Asso-

ciation and members of the Committee well attended all of these meetings.

A prospective meeting is being arranged between this Committee and the American
Society for Testing Materials. This is particularly interesting at this time because

Dr. von Schrenk is President of that Association and also a member of the Board of

Direction of this Association.

The President:—That is accepted as progress, Mr. Wilson.

Chairman J. C. Irwin:—On page 446 you see "Status of AAR Recommended
Standards for Railroad Highway Grade Crossing Protection." Mr. J. G. Brennan will

report on this subject.

Mr. J. G. Brennan (New York Central) :—I do not think it is necessary to read

this report, the standards of this Association being AAR standards. They have been

approved by the National Association of State Highway Officials, the National Confer-

ence on Street and Highway Safety, and the Bureau of Public Roads. I think it is in

the interest of the railroads, in order to promote standardization, to use these standards.

There is one standard in particular that I would like to call to your attention, and

that is the crossbuck sign with illuminated buttons. That sign can be used to advantage

in many places and can be used in lieu of fiashUght signals. Oftentimes, when there

is a demand for flashlight signals, this sign, when it is put up, satisfies the municipalities

and the railroad is relieved of installing the flashlight signals.

The President:—The report is accepted as information.

Chairman J. C. Irwin:—^At the bottom of page 446 you see the heading American

Standards Association. This standardizing body is continually growing in influence, and

I wish to call your attention to the new Advisory Committee which has been created

during the year, consisting of:

George B. Cortelyou, President, ConsoUdated Gas Company, Chairman.
Sewell L. Avery, Chairman of the Board, Montgomery Ward and Company;

President, United State"i Gypsum Company.
Lammot du Pont, President, E. I. du Pont de Nemours Company; Chairman, Gen-

eral Motors Corporation.

Walter S. Gifford, President, American Telephone & Telegraph Company.
Henry I. Harriman, President, Chamber of Commerce of the United States; Chair-

man of the Board, New England Power Association.

W. A. Irvin, President, United States Steel Corporation.
James H. McGraw, Chairman of the Board, McGraw-Hill Publishing Company.
Gerald Swope, President, General Electric Company.
Daniel Willard, President, Baltimore & Ohio Railroad.

In announcing the new Advisory Committee, Mr. Howard Coonley, who is President

of Walworth Company and also President of the American Standards Association, said:

"The importance of standardization is being multiplied as industry and invention
continue to extend their frontiers further and further into new fields.

"As industry becomes increasingly complex and ramified, we must depend more and
more upon the coordinating functions of standards. The standardization movement is

to-day one of the most important integrating agencies in the country. It offers a demo-
cratic, widely representative forum to which come manufacturers, distributors, and con-
sumers to work out together their problems without governmental supervision.

"This group of nationally recognized leaders, who will serve on our Advisory Com-
mittee, have known the value of standards in their individual industries. They now in-

dorse the wider phase of this work, namely, the inter-industry functions of national, or

American, standards.

"This is, it seems to me, most significant in view of the insistent demand for the

time of these men made by their own businesses during these onerous days."

On page 447 some of the contacts with the ASA are mentioned. During the year

the American Petroleum Institute, and also the American Iron and Steel Institute have
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been added to the membership of the ASA. The American Waterworks Association

joined as Associate Member. The only change made in our representation during the

year was the addition of Mr. A. R. Wilson as Alternate from the Engineering Division.

The Chairman of this Committee, the speaker, is Representative of the Engineering Divi-

sion, has been for five years, and at the present time is Chairman of the Standards

Council.

I expected Mr. Bond to present the portion of this report on page 448 referring to

Canadian Engineering Standards Association, covering its procedure and practice. Mr.

Bond is unable to be here. He sent his regrets. I will ask Mr. Harrison to present

that portion of the report.

Mr. M. J. J. Harrison (Pennsylvania) :—You have heard Mr. Wilson speak of our

meeting in Montreal, which was a joint meeting as between yowx Committee and the

Canadian Engineering Standards Association.

I believe it is well-known to the members of this Association that the CESA cor-

responds in Canada to the ASA in the United States, their organization being slightly

different, and slightly different titles being used.

The material appearing on pages 448 and 449 consists quite largely of a memoran-
dum furnished by the Secretary of the CESA, Mr. B. Stuart McKenzie. It is very con-

cisely prepared, and, in addition, it is very modestly prepared. Of particular interest

to this Association would be the activity of the CESA in connection with brick sizes,

wood poles, and specifications for structural timber. Particularly, in view of the dis-

cussion during the presentation of the report of Committee XV—Iron and Steel Struc-

tures, your attention is invited to the new sectional committee of the CESA on steel

construction, whose work will apparently lead to the recognition of medium steel and

to the u e of higher unit stresses for designing bridges and buildings.

The President:—The report is accepted as information.

Chairman J. C. Irwin:—These meetings with other standardizing bodies have done

a great deal to forward the personal relations between the members of the bodies and,

at the same time, promote collaboration between them on subjects of common interest.

As Mr. Wilson has said, the meeting with the American Society for Testing Materials

has been arranged. That will be held within a month or two.

There is another phase of the work of this Committee which is under way covering

assignment with reference to the use of the Manual. This Committee is requesting sug-

gestion:- from each standing committee with reference to approved practices in its portion

of the Manual, the general use of which is most desirable and the reasons therefor.

Such suggestions will be considered by the Committee as a whole with a view to making

recommendations to the Association with reference to matters in which uniform prac-

tice is most important.

We are well fixed in having the Chairman of each Committee on this Committee,

and it makes a wonderful contact to handle matters of this kind.

The next thing will be that we shall study more closely the material in the Manual,

and when these suggestions in regard to the advantages of uniform practice in any line

are received, they will be studied by groups of the General Committee, temporary sub-

committees, and will then be brought before the General Committee and discussed with

a view to recommendation for uniform adoption.

This completes the report of this Committee.

The President:—The Committee is continuing its good work. It is keeping us ad-

vised of certain matters. It is doing a vast amount of work which it covers in a few

sentences in this report. The Committee is excused with the thanks of the .Association

for its continuous and effective work (Applause).



DISCUSSION ON WOOD PRESERVATION
(For Report, see pp. 453-518)

Mr. F. C. Shepherd (Boston & Maine):—The report of Committee XVII—Wood
Preservation is shown on page 4S.3, Bulletin 373.

Subject 1, Revision of Manual, is shown as Appendix A on page 453. This report

will be submitted by the Chairman of the Sub-Committee, Mr. O. C. Steinmayer.

Mr. O. C. Steinmayer (Canada Creosoting Company) :—Continuing the work be-

gun last year, the Committee again centered their efforts on the Specifications for Creo-

sote and Methods of Measuring, Sampling and Analyzing of Preservatives. Through

editorial changes to improve the language and slight revisions in specifications to bring

about proper description of apparatus and improvement in manipulation, we feel the

present standards in the Manual will be clarified if the recommendations of the Com-
mittee are adopted.

The proposed form under the heading Measuring, Sampling and Analyzing Preserva-

tives, given on pages 454, 455 and 456, covers an editorial change.

Under the heading "Water," under Specifications for Creosote Analysis, the pro-

posed form under the sub-heading "Apparatus," at the top of page 457, is an editorial

change.

The proposed form under the sub-heading "Method" involves a slight change from

the standard, more particularly in connection with the permissible water content to make

the percentage conform to that contained in our standard specifications for creosote.

I move the adoption of the form as proposed by the Committee.

The President:—You have heard the motion and the second. Is there any discus-

sion? If not, those in favor please signify by saying "aye"; opposed likewise. The

motion is carried.

Mr. O. C. Steinmayer:—Under the heading "Insoluble in Benzol," shown at the

bottom of page 457 and continuing to page 459, there has been a slight change made

under the sub-heading "Apparatus," more particularly involving the use of an alundum

thiinble instead of filter paper. There is also a slight change in the recommended lab-

oratory procedure.

There has also been included in the recommendation of the Committee a descrip-

tion of the apparatus and the procedure which may be followed in a second method

which may be used in determining the matter insoluble in benzol fairly accurately as to

result, which means a saving of from three to four hours in laboratory time. The re-

vision will bring the apparatus and method of procedure in complete accord with the

standards of the American Society for Testing Materials and the American Wood Pre-

servers' Association.

I move the adoption of the form proposed by the Committee, both as to method

(1) and method (2) for the determination of matter insoluble in benzol.

The President:—You have heard the motion and the second. Is there any dis-

cussion? Those in favor please signify by saying "aye"; opposed likewise. The motion

is carried.

Mr. O. C. Steinmayer:—Under the heading "Specific Gravity," sub-heading "Ap-

paratus," shown at the bottom of page 459, the Committee recommends some slight

change in the permissible tolerance in the hydrometer.

The further changes under the sub-heading "Method," as shown on pages 460, 461

and 462, represent editorial revisions.

I move the adoption of the recommendation of the Committee.
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The President:—You have heard the motion and the second. Is there any dis-

cussion? Those in favor of the motion si^'nify by saying "aye"; opposed Hkewise. The
motion is carried.

Mr. O. C. Steinmayer:—Under the heading "Distillation," pages 46,^ to 469, is em-

bodied a proposed form covering the apparatu.^;, preparation of sample and procedure

which should be followed in the laboratory distillation of creosote. These changes are

suggested in order that our standards might conform to those of the ASTM and AWPA,
which permit of better concordance in results as between the different operators.

I move the adoption of the Committee's recommendation.

The President:—You have heard the motion and the second. Is there any dis-

cussion? Those in favor of the motion signify by saying "aye"; opposed hkewise. The

motion is carried.

Mr. O. C. Steinmayer:—Under the heading "Specific Gravity of Creosote Fraction,"

the Committee, in addition to some slight changes in present standards, has added a

method for determining the specific gravity for fractions that are solid at 38 deg. C,
when the pycnometer is only partially filled with the creosote fraction. The changes

and additions as recommended by the Committee will bring the Association's specifica-

tions in accord with those of the ASTM and AWPA.
I move the adoption of the recommendation of the Committee.

The President:—You have heard the motion and the second. Is there any discus-

sion? Those in favor of the motion please signify by saying "aye"; opposed likewise.

The motion is carried.

Mr. O. C. Steinmayer:—Under the heading "Float Test," sub-heading "Float," as

shown on the bottom of page 471, the Committee recommends the deletion of the ref-

erence to the height of rim above the water.

Under the heading of "Coke Residue," shown on pages 472 and 473, the changes

as proposed by your Committee involve more particularly an alternate source of heat,

namely, an electric furnace, which will bring the methods of the three associations in

accord.

I move the adoption of this recommendation.

The President:—You have heard the motion and the second, gentlemen. Is there

any discussion? Those in favor signify by saying "aye"; opposed likewise. The mo-

tion is carried.

Chairman F. C. Shepherd:—The second subject assigned to this Committee is

Service Test Records for Treated Ties. The report is shown on page 474 under Ap-

pendix B.

In this report the Committee has brought up their tables of tie renewals per mile

maintained to include renewals for 1933 and submits reports covering special test tracks

on certain railroads as well as completed test tracks which were obtained through the

courtesy of the U.S. Forest Products Laboratory. This report is submitted as infor-

mation.

The President:—It will be so accepted.

Chairman F. C. Shepherd:—Subject 3, Pihng Used for Marine Construction. The

report of this Committee, Appendix C, is found on page 487. In this report the Com-
mittee submits report of the present condition of long-time test pieces under its observa-

tions and a description of the very severe attack of marine borers at hitherto immune

locations along the coast of New England.

This report is submitted as information.

The President:—It will be so accepted.



1054 Wood Preservation

Chairman F. C. Shepherd:—Subject 4, Effect of preservative treatment by use of

(a) creosote and petroleum, (b) zinc chloride and petroleum. No report is submitted,

there being progress but no report.

Subject 5, Destruction by termites and possible ways of prevention. The report

of this Sub-Committee is shown on page 511 as Appendix D, and this report is sub-

mitted as information.

The President:—It wiU be so accepted.

Chairman F. C. Shepherd:—Subject 6, Effect on preservative in treated ties in track

due to blowing off locomotives on line of road. This Sub-Committee reports progress

but submits no report.

Subject 7, Incising of all forest products material. On page 516, as Appendix E,

is a progress report submitted as information.

The President:—It will be so accepted.

Chairman F. C. Shepherd:—Subject 8, Investigations being made for the deter-

mination of toxicity value of creosote and creosote mixtures. The report of this Sub-

Committee is shown on page 516 as Appendix F. This is the first report of this Com-

mittee. Their report this year consists of a bibliography of the more important publi-

cations on this subject, particularly in regard to the work of various investigators.

This is submitted as information.

The President:—It will be so accepted.

Chairman F. C. Shepherd:—That completes our report.

The President:—Is there any discussion on the report, gentlemen? If not, the

Committee is excused with the thanks of the Association for its continued excellent

work. Thank you, gentlemen (Applause)

.

DISCUSSION ON RECORDS AND ACCOUNTS
(For Repirt, see pp. 383-438)

Mr. C. C. Haire (Illinois Central) :^—The report of the Records and Accounts Com-
mittee is the first one in Bulletin .373, page 383. We were given nine subjects for study

and report, and are able to present this year reports covering seven of the subjects. On

the other two we report progress.

The work of the Committee during the year was somewhat hampered by the fact

that there is still pending the revision of the accounting classifications carrying the pro-

visions of the depreciation order. As you all know, the depreciation order has been

postponed from year to year, and it seems undesirable to revise or develop many forms •

and records and to make recommendations for any accounting system founded on the

present classification of accounts that is now in effect.

The proposed accounting classifications will substantially affect, if and when issued,

and will probably revolutionize certain methods and forms now in use not only in the

accounting departments but in the engineering departments of the railroads.

The Committee, however, has attempted to make progress based on present classifi-

cation of accounts where certain of our subjects are related to the present accounting

system, but we have in mind possible future revisions based on the new classifications.

The first subject to be reported is under Appendix A, Revision of the Manual. Mr.

H. J. Stroebel, Chairman of the Sub-Committee, will present the report.

Mr. H. J. Stroebel (Erie):—The Committee offers revised specifications for prep-

aration of maps and profiles in substitution of that portion of the 1929 Manual com-

mencing at the middle of page 731 under the heading "Maps, Charts and Profiles," and

continuing to the end of the second line on page 740. The revisions of the specifications

for maps is made in order to bring them into line with present-day requirements of
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railroads and with the new map order of the Interstate Commerce Commission, Sec-

ond Issue, dated November 25, 1932, effective January 1, 1933, which reduced the re-

quirements as to maps to be prepared by the railroads. As the railroads require addi-

tional information than i> mandatory for valuation maps, it was necessary to keep

that fact in mind when revising; the specifications.

During the year the Committee has given consideration to instructions issued on

April 26 and May 12, that a thorough review of the Manual should be undertaken. The

instructions stated that comments had been made that "The Manual lacks being up-to-

date." It was further stated that "(a) It is incomplete; (b) it contains obsolete ma-

terial."

The section of the Manual devoted to Committee XI contains various texts, forms,

'records, etc., pertaining to other standing committees; the sections of the Manual de-

voted to the work of the various standing committees contain text, records, forms, etc.,

that might be included under the section devoted to Committee XI. There is no uni-

formity or fixed rule concerning where forms and records should lodge in the Manual

;

consequently, the situation is somewhat confused and inconsistent in this respect.

The Committee on Revision of the Manual has concluded that, pending the receipt

of definite instructions from the Board of Direction, it should determine from each

standing committee the following:

"1. What fundamental or basic forms and records essential for the character of

work relating to Committee should now be designed to complete the Manual ?

"2. What forms, records, etc., in the Manual, relating to the work of Committee
, are obsolete and require revision?"

If each standing committee will make a thorough survey of the principal or basic

forms and records and submit a list, then it should devolve on Committee XI to design

the forms and/or records, secure comments, criticisms and final approval. Similar to

the procedure of certain other organizations, it is proposed that there be gathered in

one place in the section of the Manual devoted to Committee XI, all records and forms,

properly numbered and indexed."

The Committee recommends:

(1) That the revised specifications for Preparation of Maps and Profiles be ac-

cepted as information.

(2) The proposal concerning the scope of work of Committee XI in the develop-

ment of all forms and records is offered as a recommendation.

The President:—The matter submitted as information will be so accepted, and the

recommendation of the Committee will be considered.

Chairman C. C. Haire:—Our next subject appears under Appendix B, page 389.

It is the same subject that we have had with us a number of years, Bibliography on

Subjects Pertaining to Records and Accounts. It shows a number of outstanding books,

periodicals and reports that have to do with valuation, depreciation and allied subjects.

It is offered as information.

The President:—It will be so accepted.

Chairman C. C. Haire:—Our next subject. Appendix C, Office and Drafting Room
Practices, will be presented by Mr. D. C. Teal, in the absence of Mr. D. L. Avery,

Chairman of the Sub-Committee.

Mr. D. C. Teal (Chesapeake & Ohio) :—The report of the Sub-Committee on Office

and Drafting Room Practices will be found in Bulletin 373, starting on page 390.

The exhibits shown have been prepared as a part of the program of assembling a

complete set of standards for drawing and drafting room practice. This same infor-

mation is now before the American Standards Association Committee on Drawings and



10v';6 Records and Accounts

Drafting Room Practice and is being considered by the ASA for adoption into their

system of standards.

The exhibits are presented as information with the understanding that, subject to

oral or verbal criticism by members of the Association, and after further consideration

by the Sub-Committee, they are to be revised and presented for publication in the

Manual.

The exhibits are as follows: On page 391 is a table showing sizes of drawing sheets.

On page 392 is shown the development of the sizes of drawing sheets.

On page 393 there is a development showing the cutting of sheets from rolls of

tracing cloth. On page 394 the standard title is shown, and on page 395 the types and

thicknesses of lines.

On page 396 the standard lettering is shown, and on page 397 the arrangement of

views.

The Committee invites your oral or written criticism. That concludes the report of

the Sub-Committee.

The President:—The report will be accepted as information with the understanding

outlined by the Sub-Committee Chairman.

Chairman C. C. Haire:—I would like to call attention to the fact, in connection

with the subjects just reported upon, that this Sub-Committee has a very ambitious

program under way for the future. It will probably take a number of years to handle

the subject.

As Mr. Teal has said, it is a project that is similar to one that is being handled by

the American Standards Association, also that this Sub-Committee is collaborating with

the Board of Surveys and Maps of the Federal Government, through Mr. S. S. Roberts,

who was appointed to represent the Association on the Advisory Committee of the

Federal Board of Surveys and Maps. We are also directly cooperating with Mr. W. M.

Beeman, chairman of their Technical Standards Committee. The idea is to secure

standardization in the use of map and drawing symbols as far as is practicable. I might

say that Mr. Beeman is very anxious to bring their standards in Une with ours, as far

as they can.

Our next subject appears under Appendix D, page 398, Joint Facihty Records. The

report will be presented by Mr. B. A. Bertenshaw, Chairman of the Sub-Committee.

Mr. B. A. Bertenshaw (Big Four) :—The report of this Sub-Committee is found in

Bulletin 373, pages 398 and 399. The subject is a continuation of a previous assignment.

Last year the Committee, in its report, included methods of appraisal and records for

keeping them up to date; maintenance and operation reports and records; and effect of

depreciation accounting on joint facility records.

This year the report consists of a supplemental form entitled "Joint Facilities

—

Register of Recurring Accounts." The purpose of this form is to provide a running

record of bills, vouchers paid or rendered and arranged in a manner to show very readily

whether or not they are current or in arrears. I do not believe the form needs any ex-

planation.

The Committee recommends that it be received as information and the subject dis-

continued, with the reservation that if and when the depreciation order becomes effec-

tive we may want to reopen the subject.

The President:—The report will be accepted as information, Mr. Bertenshaw.

Chairman C. C. Haire:—Our next subject appears under Appendix E, System of

Reports and Records Required to Budget and Control Maintenance of Way Expenses.

This subject has been touched on a number of times in the Proceedings of the Association

since its formation. However, we are attempting to elaborate on what has gone before
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and have in mind a system which we consider more practicable. Mr. A. T. Powell,

Chairman of the Sub-Committee, will present the report.

Mr. A. T. Powell (Grand Trunk Western) :—The report of this Sub-Committee is

found in Bulletin 373, starting on page 400. The Sub-Committee, after studying the

present-day practices of carriers and the forms now included in the Manual, have de-

veloped three forms, Exhibit 1, consisting of two sheets shown on pages 403 and 404,

and Exhibits 2 and 3 which follow. These forms have been devised for a divisional

maintenance of way organization, but with slight alterations they can be used by a de-

partmental maintenance of way organization.

The system submitted is for the forecast of the following month's expense together

with a check of the actual expenditures after the close of the month's accounts, but the

same forms can be used for the forecast of the following year's expense together with a

check of the actual expenditures for the year.

The use of the forms is explained in the text shown on pages 400 to 402 inclusive,

and it is believed that the detailed tabulation of forces, materials and other items of

expense by departments as called for on the forms will permit ready visualization of the

program to be undertaken.

The Committee recommends that the report be accepted as information and printed

in the Proceedings, the subject to be continued.

The President:—It will be so received.

Chairman C. C. Haire:—The next subject the Committee wishes to present is one

that has been with us for a great many years. We called it heretofore the valuation

subject because we had been dealing principally with Federal Valuation and Valuation

Order 3. But there is now getting into the picture, and it may be in the future a more

prominent thing than the valuation subject, and that is the depreciation matter. The
subject is basically, however, methods and forms for gathering data for keeping up to

date the property records of railways. We have divided the subject into two groups, the

first of which is Valuation and the second is Depreciation. Mr. C. A. Knowles will pre-

sent the subject on Valuation.

Mr. C. A. Knowles (Chesapeake & Ohio) :•—The report of the Sub-Committee is

set forth in Bulletin 373, beginning at page 407. Your Committee's report includes a

copy of the report of the Committee on Valuation Accounting of the Railway Accounting

Officers' Association adopted by that association in its convention of last June. That

report deals with the simpHfication of returns on Valuation Order 3, and outlines certain

methods of obtaining such simplification, which has been obtained by the Bureau of

Valuation.

Your Committee has included a copy of that report in Bulletin 373, because the

information contained therein is of considerable value to the carriers seeking economies

in the preparation of completion reports and returns on B.V. Form 588.

The Committee's report also presents a new form for Order 3 returns in respect

of equipment, primary accounts 51 to 58 inclusive. By the use of this form, one report

may be made to take the place of three reports now generally prepared by carriers.

These three reports are: (1) the completion report; (2) record of property changes,

and (3) Sub-Schedule B of the 588 returns.

Whenever one record can be made to do the work of three, economy should result.

Therefore your Committee believes that the preparation of this one record in place of

the three records just named can be accomplished at a consificrable saving of time and

expense.

The report is submitted as information.

The President:—It will be so accepted.
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Chairman C. C. Haire:—The second sub-division of this subject relates to Ac-

counting and Depreciation. The Chairman of the Sub-Committee, Mr. J. H. Hande, is

unable to be present. However, the Committee has only been able to report progress

and tp call your attention to the present situation with respect to the depreciation order.

The depreciation order has been postponed a number of times since 1926, and the present

postponement expires on December 31, 1935.

A petition is now before the Interstate Commerce Commission requesting another

postponement, the Association of American Railroads, as I understand it, having asked

that this order be set aside indefinitely, and some reply is expected at an early date.

However, the Committee has performed a considerable amount of work in connection

with this subject.

The Chairman of the Sub-Committee, Mr. Hande, has developed a complete treatise

of 150 to 200 pages to show a method that might be used. We do not claim that this

report is the last word or complete. Nevertheless, when it is published and made avail-

able to members of the Association, it will indicate a method that might be used. The

report is merely one of progress.

Mr. J. E. Teal (Chesapeake & Ohio):—From Mr. Haire's remarks I understand if

the order concerning depreciation goes into effect that the carriers will be required to

report depreciation in connection with maintenance matters, effective January 1, 1936.

It is not definitely known whether the request of postponement will be granted.

I also understand that this Committee has prepared in great detail methods for

applying in connection with carrying out this order, if the order goes into effect. I am
wondering if the Chairman or the Board of Direction might be in position to advise

the Association when this report will be presented or printed for the benefit of its mem-
bers. It seems to me that, if the order goes into effect on the first of the year, a great

many carriers will be more or less confused in knowing just how to apply it.

Chairman C. C. Haire:—I might explain to the gentleman who raised the question

that the report, as a matter of policy, has been held up by the Board of Direction, as I

understand it. A number of members of the Committee also feel the same way and

have thought it best to hold back on this report, awaiting developments. We wished,

of course, to receive instructions from the Board, to issue the report. We have placed

this matter squarely up to the management of the Association from time to time. How-
ever, it must be recognized that the Accounting Officers' Association have a deep interest

in the subject, and it might not be wise to put anything out that would tread on their

toes, so to speak. I think that is the way, as I undersand it, the Board of Direction

felt right along. Whether or not this report will be published is largely a matter of

policy. It should, of course, be looked over and approved by the Board before it is

published because the department of the AAR that is handling the subject of depreciation,

valuation, accounting and taxation has a major interest in the subject-matter of this

report. It is questionable whether the report is an accounting report or an engineering

matter. Certainly some of it is engineering. Just where engineering ends and where

accounting starts, it is difficult to say, as most of you know. That is the best I can

answer the gentleman who raised the question.

The President:—I will go a step beyond what Mr. Haire has said. This matter

was submitted to the ARA a short time prior to the formation of the AAR. We know
that the matter is now before the AAR. As in the case of individual railroads, it had

been found difficult to draw a dividing line that was satisfactory to both sides, between

the accountants and the engineers. That is a matter that will have to be decided by

the AAR.



Discussion 1059

If the postponement that is hoped for is not granted, this matter will become hot

very suddenly, but this Association is not in position, and the Committee is not in posi-

tion to move the matter any further than it has already, until some of these matters

of policy that arc being held up outside the AREA have been settled.

Chairman C. C. Haire:—-The final subject the Committee wishes to report upon is

under Appendix H, Changes or Revisions in I.C.C. Classification of Accounts. This is a

subject that is very closely interlocked with the depreciation order, and somewhat the

same features are present in this report as in connection with the depreciation order.

However, Mr. W. R. Kettenring, Chairman of the Sub-Committee, will tell you the

present status of the new accounting classifications.

Mr. W. R. Kettenring (Chicago & Northwestern):—The Sub-Committee's report

will be found on page 435 of Bulletin 373.

The inauguration of depreciation accounting for equipment in accordance with the

Interstate Commerce Commission Order 15100, Depreciation Charges for Steam Rail-

road Companies, effective January 1, 1935, made it necessary for the Commission to

revise certain parts of the effective accounting classification.

The revisions are contained in an order of the Commission, dated June 13, 1934, and

the principal changes are indicated in the Committee's report.

The changes in the method of accounting for equipment required the establishment

of depreciation accounting on a group basis, and this is of importance in that it is the

first step in the application of the methods and principles outlined in Order 15100 "De-

preciation Charges for Steam Railroad Companies," which order included road property.

It is felt that the application of the requirements of the depreciation order for fixed

property will be a natural sequence.

It is reported to us in an unofficial way that the new draft of the accounting classifi-

cations for road property has been printed and will be released shortly.

The Sub-Committee's report is submitted as information.

The President:—It will be so accepted.

Chairman C. C. Haire:—That concludes the report of the Committee.

The President:—Gentlemen, this Committee has submitted essentially progress re-

ports. That has been due primarily to the fact that their hands are tied. They are tied

by strings extending beyond the boundaries of the AREA. I think they are to be most

heartily congratulated on the manner in which they have been able to advance their

various subjects in spite of the handicaps under which they are laboring. The Commit-

tee is excused with the thanks of the Association (Applause)

.

DISCUSSION ON RULES AND ORGANIZATION
(For Report, see pp. 181-195)

Mr. E. H. Barnhart (Baltimore & Ohio) :—Your Committee this year reports on

five subjects, which are to be found in Bulletin 373, page 181. The first subject upon

which the Committee reports is Revision of Manual. That report will be presented by

Mr. P. D. Coons, Chairman of the Sub-Committee.

Mr. P. D. Coons (Burlington) :—The rules under revision will be found on page 181

of Bulletin 371. The first five rules have to do with fire prevention and is work which

grew out of one of our own Sub-Committees on Fire Prevention. We found that, by

using the existing rules shown here, and modifying them slightly, they could be made

to include the desired points on fire prevention. These are rules 338, 389, 399, 410 and

1017.

I move that they be adopted as modified for inclusion in the Manual.
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The President:—^You have heard the motion and the second. Is there any discus-

sion? If not, those in favor will please signify by saying "aye"; opposed likewise. The

motion is carried.

Mr. P. D. Coons:—The next rule modified has to do with turntables, shown as

rule 1283. This has been modified to include a safety factor as outlined.

I move that this rule as modified be adopted for inclusion in the Manual.

The President:—You have heard the motion and the second. Are there any objec-

tions? Those in favor will please signify by saying "aye"; opposed likewise. The mo-

tion is carried.

Mr. P. D. Coons:—On page 183, there is a series of rule numbers pertaining to

bridges. Our Sub-Committee on Bridges, in formulating rules for maintenance of these,

found it necessary to change the rearrangement of the existing rules in order to provide

proper sequence; also, in two cases to eliminate subject-matter which was present in

other rules.

I move that these rules as changed and modified be adopted for inclusion in the

Manual.

The President:—You have heard the motion and the second. All those in favor

please say "aye"; opposed likewise. The motion is carried.

Mr. P. D. Coons:—On pages 184 and 186 are the two present organization charts

now in the Manual that will be found on pages 869 and 870. The proposed charts are

found on pages 185 and 187.

In the proposed charts we have inadvertently left off under Water Service Engineer

the position of Chemist which it is desired to add to that list of employees. That change

to be made on both charts.

On the divisional organization chart on page 187 there is a typographical error in

the lower bracket in the center, where it speaks of Superintendent of Track. That

should be Supervisor of Track. We desire that this change be made on the form.

I move that these charts, as modified and corrected, be adopted for inclusion in the

Manual.

The President:—You have heard the motion and the second. Is there any dis-

cussion ?

Mr. A. R. Wilson (Pennsylvania) :—I notice in the organization charts the Bridge

Engineer is placed under the Engineer of Maintenance of Way. That is rather an ex-

ceptional organization, is it not?

Mr. P. D. Coons:—^It was thought that this chart would have to be, in a way,

perhaps not typical of any particular railroad. It has to be pretty general in its setup,

and it could then be modified to suit the particular railroad. As I recall, it is the form

which we have had in the Manual for a good many years. It may be that present

conditions would justify a different handling, but I would like to hear from others on

that point.

Mr. A. R. Wilson:—I think it is only typical of one railroad and only part of that

railroad.

Mr. Robert H. Ford (Rock Island) :—This Committee has done some really excellent

work. However, I am doubtful if in presenting 'these organization charts they do not have

in mind what might be termed a maintenance organization as distinguished from an

engineering organization, the latter, I believe, being the purpose of the assignment.

Mr. M. Hirschthal (Lackawanna) :—I want to say further that the railroad referred

to has an independent Bridge Engineer for maintenance and another for construction.

In the majority of railroads, in the East in particular, the Bridge Engineer reports

directly to the Chief Engineer. Wherever there is a separate Engineer of Maintenance
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of Way, a Cliief Engineer of Maintenance of Way, the Bridge Engineer still reports to

the Chief Engineer.

Mr. Geo. S. Fanning (Erie) :—I am wondering what use anybody is ever going to

make of these organization charts after we get them in the Manual. I move you that

they be deleted from the Manual entirely.

Mr. W. J. Burton (Missouri Pacific):—I second the motion.

The President:—Does the maker of the original motion accept the amendment?

The amendment is not satisfactory to the maker of the original motion.

Mr. Robert H. Ford:— I suggest that in the light of the discussion the Committee

withdraw the proposed organization chart and give the matter further study during the

year.

The President:—Is that offered as a substitute motion?

Mr. Robert H. Ford:—Perhaps the Committee may wish to withdraw the subject for

further consideration?

Mr. Geo. S. Fanning:—My purpose in making the amendment to the original mo-

tion was to get this out of the Manual and off the floor entirely. I do not believe that

we are interested in the question of organization. Everybody has his organization. Of

course, they change around now and then, but I do not think these charts are going to

serve any purpose at all with anybody.

Mr. L. J. Hughes (Rock Island):—Getting back to the matter under discussion, as a

suggestion to our Committee on Rules and Organization, I would like to point out the

fact that in the last two or three years there has been a change in organization in the

maintenance of way of a number of railroads, particularly the Western roads. This

change is the creation of a new position known as the track inspector. Possibly some

other railroads have a different name. This position is a step between the Roadmaster or

Supervisor, and Division Engineer. The duties of the track inspector have been defined

on a number of roads.

The experience of a number of railroads with the track inspector system has been

quite favorable. I think it would be a splendid idea for our Committee on Rules and

Organization to take into consideration this new type of railway officer, to secure from

railroads their experience with that type of railwaj maintenance man, to obtain the

experience of roads and their recommendations for rules governing duties and conduct

of these track inspectors.

I believe that, by getting this information together and presenting it in the regular

form, a distinct need will be filled by the Committee. Possibly many of you know all

about that system. It is a very important job, and I think it is a subject which should

be considered by this Committee.

The President:—Gentlemen, the motion before the house is the deletion of the or-

ganization charts from the Manual.

Chairman E. H. Bamhart:—I appreciate Mr. Hughes' remarks in regard to addi-

tional positions in the maintenance of way department which have developed in the last

few years. However, in justice to the Sub-Committee who undertook to revise this

chart, I would say that the lower portion of the chart, starting with the Division Engi-

neer and below, was prepared from the information now in the Manual.

For the benefit of some of the members, who do not know, I would state that this

Committee had been working for ten or twelve years on an outline consisting of three

sub-divisions; first, duties of the various division officers; second, conduct of work;

third, miscellaneous. Each of these is outlined in the Manual, and the various officers

whose duties are outlined in the Manual are shown on this organization chart. How-
ever, in view of the apparent desire of quite a number of members that the Committee
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revise the entire chart so as to bring it up to date, with the consent of the malcer of the

motion and the second, we will withdraw the motion, and ask that this subject be re-

assigned for consideration next year.

The President:—With the main motion withdrawn, does the maker of the substi-

tute motion wish to withdraw his motion?

Mr. Geo. S. Fanning:—No, he wishes to repeat it.

The President:—The substitute motion is still before us. The main motion was

withdrawn, gentlemen. The substitute motion takes its place. The motion is to the

effect that the organization charts now in the Manual be withdrawn. Are you ready for

the question? Those in favor signify by saying "aye"; opposed likewise. Once more,

please. Those in favor please say "aye"; opposed "no." The motion is carried.

Chairman E. H. Barnhart:—The second subject assigned to your Committee was

preparation of rules for the guidance of employees of telegraph and telephone lines and

appurtenances, collaborating with the Telegraph and Telephone Section. Last year we
presented for information the rules shown in Appendix B. The report of the Sub-Com-

mittee will be presented by Mr. W. C. Barrett.

Mr. W. C. Barrett (Lehigh Valley) :—You will find the report of the Sub-Com-
mittee in Bulletin 371, page 188. These rules are presented for printing in the Manual.

As the Chairman of the Committee has already said, these rules were printed last year

as information. These rules were submitted to this Committee by a committee from

the T&T Section of the AAR.
Your Sub-Committee had several conferences with the T&T Section committee and

the outcome was the preparation and submission to this Committee by the committee

of the T&T Section of the rules presented here. They are printed here exactly as sub-

mitted to this Committee, we made no changes. As they have been before the Asso-

ciation for a year, I move you they be accepted for printing in the Manual.

The President:—You have heard the motion and the second. Is there any dis-

cussion? If not, those in favor will please say "aye"; contrary likewise. The motion

is carried.

Chairman E. H. Barnhart:—Appendix C on page 191 is offered as information. It

wDl be presented by Mr. B. R. Kulp, Chairman of the Sub-Committee. Apparently he

is not here. There are two rules relating to oil houses shown on page 191, Appendix C.

As these rules are presented for information, and the time is short, if there are no ob-

jections, I will iust pass them.

The President:—They will be accepted as information.

Chairman E. H. Barnhart:—The next subject, shown in Appendix D, covers rules

for the protection of treated ties and timber in the field. Last year the Wood Preserva-

tion Committee presented to the Association certain rules for the care of treated timber

and ties in the field. This data was presented as information, and the material sub-

mitted to Committee XII by the Committee on Outline of Work with instructions to

prepare rules. These rules are shown in Appendix D and will be presented by Mr. A. B.

Griggs, Chairman of the Sub-Committee.

Mr. A. B. Griggs (Santa Fe):—Under Appendix D on page 191 of Bulletin 371

appear rules for the protection of treated timber. As stated by the Chairman, this is

a restatement of subject-matter that has been before the Association heretofore and in-

troduces new rules 121S to 1217, inclusive, on timber.

On page 192 appear rules under the heading piling. In the case of both timber and

piling, it is a rearrangement of the subject-matter, in order to fit into what is now in the

Manual under rules for the guidance of maintenance of way employees. The new rules

under piling are 1225 to 1228, inclusive, and 1232, 1233 and 1236.
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On page 193 appear rules for the handling of treated ties. These are 693 to 695,

inclusive. That is new material under the general classification of ties, including hand-

ling, storage and renewals.

On page 194, under the caption "Switch Ties," there arc three rules, 872 to 874,

inclusive.

Under "Timber and Trunking," we offer two rules, 916 and 917, for the preserva-

tion of creosote treated material in the field.

It is the intention that these rules will be handled with Committee III—Ties, Com-
mittee VII—Wooden Bridges and Trestles and Committee XVH—Wood Preservation.

The report is offered as information.

The President:—It will be so accepted.

Mr. W. J. Burton:—I wish to call the attention of Mr. Griggs to the fact that,

although he mentioned the Tie Committee, the rules which he is just talking about have

not been presented to the Tie Committee nor are they approved by the Tie Committee.

Chairman E. H.. Barnhart:—None of these rules have been presented to "the collab-

orating committees. That will be done during the next year.

Mr. W. G. Am (Illiuois Central) :—Before we get off that subject, I notice in many
of those rules they use the word "must" and in many of them they use the word

"should." I wonder if there is not any rule for that, as to whether it should be "must"

or "should."

Chairman E. H. Barnhart:—That will be given next year when it is presented for

the Manual.

The last subject upon which the Committee reports is Rules for Fire Protection.

The rules are shown in Appendix E and are presented as information this year.

The President:—They will be so accepted.

Chairman E. H. Barnhart:—That completes the report of the Committee.

The President:—Gentlemen, from the report of this Committee you will see why I

said that, although it was the last, it was not the least Committee. It has done, as

usual, an excellent job and is excused with the thanks of the convention (Applause).





PROGRESS REPORT OF THE JOINT INVESTIGA-
TION OF FISSURES IN RAILROAD RAILS

By H. F. Moore
Research Professor of Engineering Materials

In charge of Investigation
Univeisity of Illinois

(I) INTRODUCTION

1. Purpose and Organization.—On January 1, 1931, there wrs formally started

a joint investigation of the problem of internal fissures in railroad rail.-. The investiga-

tion was organized under the auspices of the Rail Manufacturer's Technical Committee

and the American Railway Association (now the Arsaciation of American Railroads),

acting through the American Railway Engineering Association. These tw > cooperators

asked the Engineering Experiment Station of the Universit> of Illinois to une'ertake the

direction of the investigation,

For some twenty years the problem of internal fissures in rails has been une of im-

portance both from the viewpoint of railway maintenance and operation, and from the

viewpoint of public safety. Records show that failures of rails from such fissures are

numerous. Improved methods of inspection, notably the development of the detector

car for locating fissures before they have spread to final fracture of rail, have distinctly

reduced, though by no means entirely removed, the probability of rail breakage, but the

problem of preventing such fissures is still important. However, remedial methods, ap-

plied to rails during manufacture, have been developed.

The Technical Committee of Steel Rail Manufacturers and the Association of Amer-

ican Railroads appointed an Advisory Committee to keep in touch with the progress of

the investigation with the following members:

Association of American Railroads—Rail Committee

Earl Stimson, Chief Engineer of Maintenance, Baltimore & Ohio Railroad, Chairman
W. C. Barnes, Engineer of Tests, Rail Committee, AREA
A. F. Blaess, Chief Engineer, Illinois Central System
C. B. Bronson, Inspecting Engineer, New York Central Railroad
E. E. Chapman, Engineer of Tests, Atchison, Topeka & Santa Fe Railway
R. Faries, Assistant Chief Engineer Maintenance, Pennsylvania Railroad
John V. Neubert, Chief Engineer Maintenance of Way, New York Central Lines
G. J. Ray, Vice-President and General Manager, Delaware, Lackawanna & Western

Railroad
W. P. Wiltsee, Chief Engineer, Norfolk & Western Railway
L. Yager, Assistant Chief Engineer, Northern Pacific Railway

Rail Manufacturers' Technical Committee

F. W. Wood, 2429 Keyworth Ave., Baltimore, Md., Chairman
John Brunner, Manager Department of Metallurgy and Inspection, Illinois Steel Company
O. U. Cook, Inspecting Engineer, Tennessee Coal, Iron & Railroad Company
E. F. Kenney, Metallurgical Engineer, Bethlehem Steel Company
L. S. Marsh, Manager Department of Inspection and Metallurgy, Inland Steel Company
C. W. F. Rys, Assistant to President, Carnegie Steel Company
W. A. Maxwell, Jr., Vice-President, Colorado Fuel & Iron Company
John S. linger. Research Engineer, Carnegie Steel Company

106S
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The test party in charge of the carrying on the experimental and mathematical work

of the investigation includes the following:

H. F. Moore, In Charge of Investigation (Services furnished by the Engineering Experi-

ment Station, University of Illinois)'

H. R. Thomas, Engineer of Tests, general detailed oversight of work, mathematical inter-

pretation of test results

N. H. Roy, Field Tests, determination of wheel loads, production of fissures in laboratory

tests

R. E. Cramer, Metallographic and chemical tests

J. R. Trimble, Study of mill conditions

N. J. AUeman, Laboratory tests of materials

J. L. Bisesi, Non-destructive detection of cracks and fissures

H. B. Wishart, Tests of steel at low temperature
W. D. Boone, Assistant, low-temperature tests of steel

L. G. Ramer, M. W. Woodruff, Assistants in non-destructive tests

E. C. Bast, Assistant, chemical and metallographic tests

J. G. Lowther, C. W. Dollins, Assistants, laboratory tests of materials

M. K. Shafer, H. C. Boswell, D. C. Brown, H. H. Griesheimer, Harley Musgrove,
Mechanicians

Rogene Strode, Clerk and stenographer

Cooperation between the Advisory Committee and the test party has been very

close during the progress of this investigation. Quarterly reports have been made by the

test party and discussed by correspondence and occasional meetings with the Advisory

Committee. This progress report is a summary of the test data and results obtained

to date.

2. Previous Investigation of Fissures in Rails.—While the problem of in-

ternal fissures in rails is of comparatively recent origin, rail breakage is a problem as

old as the railroad. In the early days the list of noteworthy research workers includes

Styffe and Sandberg in Sweden, Tetmajer in Switzerland, Wohler in Prussia, Kirkaldy in

England, P. H. Dudley and C. B. Dudley in the United States.

In 1911 a wreck occurred on the Lehigh Valley Railroad near Manchester, N.Y. The

investigation of the wreck was made by James E. Howard, Chief Inspector of Safety

Appliances for the Interstate Commerce Commission.^

This was a very early, if not the first, recognition of a type of fracture starting from

the interior of a rail head, where the fracture could not be detected by means available

at that time untU it reached the surface. Since that time a large amount of study has

been given to this phenomenon of internal fissures, especially to transverse fissures, and

the names of Howard, C. B. Dudley, P. H. Dudley, Cushing, Wickhorst, Comstock, J. R.

Freeman, Gennett, Robert Job, Quick, Rawdon, Clayton, Styri, and J. B. Young are

among those who have made valuable contributions.^

3. Previous Study at the University of Illinois of Fissures in Rails.

—

Some two or three years before the present investigation was organized, an investigation

of this subject was started at the University of Illinois in cooperation with the Utilities

Research Commission of Chicago. The main results of that investigation were: (1) the

design of a rolling-load testing machine, which with a few changes in details has been

adopted by the present investigation, and (2) the development of the mathematical

theory of the stresses directly under a wheel load.

' Report to the Interstate Commerce Commission, Invest!t;ation of Lehigh Valley Accident at Man-
chester, N.Y. An abstract of this report may be found in the Railway Age-Gazette for February 16

and March IS, 1912.
^ This list of names does not include names of members of the present Advisory Committee who

have made contributions to the subject, nor does it include the names of Waring and Hofammann, whose
work is discussed in detail in this report. A bibliography on transverse fissures in rails is submitted as

an Appendix to this report.
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It should be noted that earlier testing machines for developing internal fissures in

rail specimens had been used in the te.-ting departments of the Maryland Steel Company
at Sparrows Point, the Bethlehem Steel Company at Harrisburg, Carnegie Steel Com-
pany's Homestead mill and the Edgar Thomson mill, and the Illinois Steel Company at

South Chicago and at Gaty. At some of these plants a gag press was used as a te:ting

machine, and at others a rolling-load testing machine was used. Usually severe bending

was applied and the failures were produced, if at all,, after a comparatively small number

of applications of load. The machine used in the present investigation was designed to

subject a short portion of the length of the test specimen to some hundreds of thousands

of cycles of rolling load, because it seemed likely that internal fissures developed by many
cycles of load would be more like those developed in service than fi.sures developed by

a few cycles of very heavy load.

It was recognized that damage to railroad rails could be caused by either of two

quite distinct systems of stress: (1) flexural stress set up by the bending moment in

rails and (2) a complex system of stresses set up directly under a wheel load. The in-

vestigations of Dr. Talbot, Chairman of the Special Committee of the AREA and the

ASCE on Stresses in Railroad Track, gave the necessary mathematical analysis for com-

puting the flexural stresses.^

For computing the stresses directly under a wheel it was ncce;sary to develop an

extension of the Hertz analysis for pressures and stresses in two cylinders whose axes were

at right angles to each other. This was carried out by V. A. Hoersch, of the Department

of Mathematics, University of Illinois, and his mathematical results were arranged for

engineering use and checked by strain etch tests by Prof. H. R. Thomas. The results of

this analysis are given in Bulletin 212, Engineering Experiment Station, University of

Illinois.*

An internal fissure in a rail suggests that shearing stress may be the cause, since the

shearing stresses tend to become a maximum toward the center of cross-section of a beam.

The theoretical shearing stresses below the tread of a rail under a wheel load are shown
in Fig. 1. Actually these stresses are modified by the fact that near the tread of the rail

Plastic action (Cold i^ork) diie _ j-jc. e^^.\\,l-t
to Wheel Load takes place Belajef- Compvied Dtieatl(]q Jlress Ib/Trj

Hoerich Formulai tor5tresi ore qoT S § §

accdrate irj tfjrs- Zone -j

Fig. 1-

.7\biige of EjjdiJrance

Liinit tinder f^peoted 5f?ear

of Ttiil Stee/ppecinfftu mt^
Minifte Cnxf

-Computed Shearing Stress in Head of Rail under Load
of 40,000 lb. on a 33-inch Wheel.

there is plastic action, so that the actual stresses are lessened near the tread of the rail.

However, as will be shown later, there is evidence that at a depth of one-half inch below

the tread of the rail there is fair agreement between theoretical stresses and actual stresses.

"Second Progress Report of Committee on Stresses in Railroad Track: Bulletin AREA, Vol. 21
(1920)

Third Progress Report. Bulletin AREA. Vol. 24 (1923)
Fourth ProErcss Report. Bulletin ARf:A, Vol. 26 (1925)
Fifth ProRress Report. Bulletin AREA. Vol. 31 (1929)

* After the bulletin manuscript was prepared it was found that the problem had previously been
worked out in Russia by Prof. N. M. Belajef, Leningrad. The results of his mathematical analysis and
those of Mr. Hoersch check.
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4. Test Rails.—At the outset of the present investigation there were furnished 165

130-lb. rails and 130 UO-Ib. rails for test purpo es. These were furnished by five differ-

ent mills. Rails were furnished from various heats, and both the regular inspectors and

special representatives of the test party were present when the rails were rolled. The

remainder of the rails rolled in these test heats, amounting to something like 12,000 tons,

were sent to various railroads to be put in service in various locations, and to be sub-

jected to careful observation, and occasional tests for possible fissure development.

In addition to these test rails, all of which were hot-bed cooled, there have been

since obtained ISO pairs of "companion" rails. One of the rails of each pair was cooled

on the hot bed, as is the present practice in rail rolling, and the other was subjected to

some form of heat treatment designed to prevent the formation of shatter cracks. There

have also been received 3 rails of special alloy steel, and 164 rails which have been in

service.

5. General Divisions of the Investigation.—In attacking the problem of in-

ternal fissures in rails the following are the main lines of work which have been followed

during the present investigation:

(1) A laboratory study of the mechanism of the formation of internal fissures in

rails under repeated wheel loads.

(2)' Field studies of the range of magnitude of wheel loads found in service.

(3) A critical study of acceptance tests for rails at the mills, and a study of the

problem of a non-destructive test for rails.

(4) Tests of rails made by special processes designed to prevent internal shatter

during manufacture.

(5) Service tests under traffic. These are now in progress, and the results after

some years may modify some of the conclusions drawn from laboratory tests.

In connection with these lines of study there has been carried on a considerable

amount of chemical analysis, metallographic examination, and physical testing of samples

of rail steel.

(II) MECHANISM OF THE FORMATION AND DEVELOPMENT OF
INTERNAL FISSURES

6. Shatter Cracks in Rails.—It is to be remembered that failure by an internal

fissure of any kind is essentially a progressive fracture, or "fatigue" failure, as it is com-

monly called. The experience of many laboratories studying the phenomena of fatigue

of metals confirms the opinion that localized stress at discontinuities, such as notches,

deep scratches, and cracks, is, perhaps, the commonest source of fatigue failures in parts

subjected to repeated stress. It would seem then if in any newly-rolled rail there existed

some cracks inside the head, or highly strained areas which under service conditions be-

came cracks, that these cracks would be especially likely to serve as nuclei for spreading

fatigue failures. Hence, at the outset of the investigation all newly-rolled rails received

were subjected to examination for such "shatter cracks," as they are commonly called.

In 1919 Waring and Hofammann presented a discussion of the deep etch test as a

means of determining the presence or absence of internal cracks in rails." In this test

the rail is sliced longitudinally, and the face etched with hot, strong acid. Fig. 2 shows

results, (a) for a rail which showed no evidence of "shatter cracks" in the interior of its

head, and (b) for a rail which did show evidence of shatter cracks.

"Proceedings, American Society for Testing Materials, Vol. XIX, Part II, p. 182 (1919) with

discussion on p. 190.
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(a) (b)

Fig. 2—Etch Tests on Two Rail Specimens,

(a) No Shatter Cracks. (b) Shatter Cracks.

Their work was followed by a great deal of discussion of the significance (cr lack of

significance) of these shatter cracks, and in the present investigation it was decided to

etch-test a specimen from each new rail sent in for test. From each rail a piece 6 inches

long was taken at a distance of 30 inches from one end of the rail, and the head of this

piece of rail was cut up into horizontal slices about 1/4 inch thick. These slices were

etched on both sides. There have been furnished 258 new test rails weighing 130-lb. or

more per yard, and of these the etch tests showed 73 to contain shatter cracks. There

have been furnished 140 new test rails weighing 110-lb. to 112-lb. per yard, and of these

27 were found to contain shatter cracks." The percentage of shatter-cracked rails in the

regular output of a rail mill should not be judged by these figures. Several of the man-

ufacturers sent test rails from heats of steel produced under unfavorable conditions,

realizing that such rails were especially suitable for study.

7. Rolling-Load Testing Machine for Developing Fissures.—The labora-

tory study of the mechanism of internal fissures in rails was carried on principally b>

means of special testing machines for applying repeated cycles of wheel load and bending

moment to specimens of rails. In a laboratory test it is essential that the apparatus

'The quotion has been raised whether these "shatter cracks" exist as actual cracks in the rail, ir

whether they are the result of the etching process or of strain set up by the cutting away of metal.
This question is of academic interest only, because a condition such that a crack can l)e started by
slight etching or by slight change in internal stress is about as damaging a condition as is the presence
of an actual crack. However, by the use of high-magnification examination cracks have been found in

unetched slices of test rail, and a piece of rail adjacent to one in which an etch test had shown shatter
cracks, was thoroughly annealed, so as to relieve any internal strain, then was sliced and etched and
shatter cracks were found as in the unannealed piece. It is believed that the above tests furnish evidence
that there are actual shatter cracks in some rails as rolled, although the majority of rails rolled in

American mills are free from shatter cracks.
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used shall be capable of giving definite quantitative measurements, and it was felt that

a machine which produced combinations of direct wheel load and of bending stress

would be the most effective machine for the study of the formation of fissures. The

machine used is shown in Fig. 3. In this machine a short specimen of rail S is pulled

backwards and forwards under a wheel load which can be varied from zero to 80,000 lb.

This load is applied through the lever L by means of the screw jack J, and is measured

by the compression of the spring P. The bending moment can be measured as the

product of the weight on the wheel times /, the distance of "overhang" of the jpecimen

rail when it is in its extreme left-hand position; I can be varied by moving the block B.

A revolution counter is attached to the crankshaft of the machine, and an automatic

cut-off switch is operated by the drop of the lever L when a specimen fails. The stroke

of the machine is 7 inches and its speed 55 revolutions per minute.

Fig. 3—Testing Machine for Rolling-Load Tests.

8. Results of Tests of Rails Under Repeated Rolling Load.—Te:ts of short

lengths of rails under repeated rolling load in the special testing machines designed and

built for this investigation have developed failures starting from internal fissures in a

considerable number (although by no means all) of the newly-rolled test rails which, by

means of etch tests, were found to contain shatter cracks. No failures starting 'from in-

ternal fissures have as yet been developed in the laboratory in newly-rolled rails which

etch tests have shown to be free from shatter cracks. Such uncracked rails, when they

fail under repeated rolling load, fail by fatigue cracks starting from the surface of the

rail. Moreover, they require higher wheel loads to cause fracture than do shatter-

cracked rails. Altogether some 205 rails have been tested in the special rolling-load to t-

ing machines, many of them to 1,000,000 cycles of stress, or more. Fig. 4-a and 4-b

shows the two types of spreading fracture.

In laboratory tests of rails in the rolling-load machines internal fissures have been

developed under the wheel load at sections where bending moment was very small, but

never, even in shatter-cracked rails, at sections of heavy bending moment outside the

path of the wheel load. Hence it seems clear that the stress under the wheel load on

the rail is a factor of prime importance. The relative effect of direct stress under wheel

load and of stress due to bending moment is further discussed in section 9 on page 8.

In the laboratory tests of new rails in which etch tests had shown shatter cracks,

internal fissures have been developed under repetitions of a wheel load as low as 40,000 lb.

By the use of the formulas developed for the study of stresses in rail directly under a
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wheel load, for a wheel load of 40,000 lb., the theoretical shearing stress at the zone

where internal fissures usually develop is just about as high as the repeated shearing

stress necessary to develop a fatigue failure in rail steel in which there is a small crack.

As shown by fatigue tests of specimens of rail steel with and without cracks, the effective

stress concentration at the edge of a small crack reduces the fatigue strength (endurance

limit) of rail steel about 50 per cent. Fig. 5 shows the agreement of theoretical analysis

with test results. The endurance Hmit of uncracked rail steel subjected to cycles of shear

varying from zero to a maximum (but not reversed) was found from fatigue tests of

specimens to range from about 55,000 to 65,000 lb. per sq. in. This means that the range

of endurance limit under repeated shearing stress for steel with a small crack ranges from

(a) (b).

Fig. 4—Two types of Fracture in Rolling-load Tests

(a) Fatigue fracture started at surface (upper left hand). This is a typical fracture

in rail specimens free from shatter cracks.

(b) Fissure starting nucleus in interior of rail head. This is the type of fracture

developed in some shatter-cracked rail specimens.

27,000 to 32,000 lb. per sq. in. In Fig. 5 it will be noted that all but one of the 24

specimens in which internal fissures were developed were subjected to theoretical shearing

stresses within or above this range. It will be noted all but 6 of the 30 specimens which

had shatter cracks and which failed but not from mternal fissures failed under theoretical

shearing stresses below this range.

It will be noted that 118 specimens in which etch tests had shown no shatter cracks

failed by fatigue failure starting from the surface, and that all but 11 of these 118 speci-

mens failed at stresses below the range of endurance limit for repeated shear for uncracked

rail steel.

In view of the wide variation of shearing stress due to various depths of shatter

cracks found in rails, the picture of an internal fissure starting from intensified shearing

stresses at a shatter crack seems consistent and convincing.

At the present time, and subject to revision of belief by final results from the test

rails in service, it is felt that the Rails Investigation has yielded fairly convincing evidence

that fissures in rails usually originate at shatter cracks which form in the rails during the

process of manufacture. All laboratory-developed fissures were in shatter-cracked rails,

and about 75 per cent of the service-fissured rails sent to the inve-tigation showed evi-

dence of shatter cracks outside the main fissures. Of course, this doe^ not mean that

all shatter-cracked rails develop fissures—a shatter-cracked rail has considerable strength,

and doubtless many such rails have worn out in service before they had received enough

severe stresses to develop a fissure.
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9. Will the Use of Heavier Rails Reduce Failures from Internal Fis-
sures?—The results of rolling-load tests, as has been pointed out, show that the start

of a destructive fissure seems to be due to the direct action of wheel loads rather than
to bending stress. The mathematical analysis of stresses due to this direct action of

wheel load, which is shown to agree very well with rolling-load test results, indicates

that the stresses set up are practically independent of the size of rail. Hence, it seems
that the starting of fissures would not be hindered by the use of heavier rails, except

insofar as they might make track conditions smoother and reduce the "dynamic aug-
ment" of wheel loads. They could not be expected to reduce the wheel loads due to

flat spots on wheels.

However, an examination of Table 1 shows that if the fissure spreads from a minute
nucleus it seems probable that the relative ma^rnitude of wheel load and of bending

stress in the rail is a large factor in determining the direction of the fissure. A heavy
bending stress tends to cause a transverse fissure, while a heavy wheel load accompanied

by light bending stress tends to cause a horizontal fissure. That is, the use of a heavier
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rail which might diminish bending stress would tend to reduce the number of transverse

fissures as compared with horizontal fissures.'

Table 1

INDIVIDUAL FISSURES FORMED INDEPENDENTLY OF EACH OTHER-
NOT COMPOUND

Tests in Rolling-load Testing Machine

Specimen

Vertical

Compressive
Stress

lb. per sq. in.

Z,

"Equivalent"
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10. Results of Tests of Metal in Rails.—A large number of physical tests have

been made on specimens cut from rail heads, including tension tests, impact tests (on

both notched and unnotched specimens) , and fatigue tests (including flexure tests, torsion

tests, and direct tension-compression tests with varying ranges of stress). Of especial

interest were the comparative results of tests of steel from the heads of newly-rol'ed rails

in which etch tests had shown the presence of small shatter cracks in the head of the

rail, and of steel free from such shatter cracks.

Now shatter cracks, if present, are found in the center of the head of a rail and not

near the surface. Hence the difference between the physical properties of specimens from

near the surface and the properties of specimens from the center of the head shculd throw

light on the effect of shatter cracks on the strength and ductility of the metal. Fig. 6
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may vary widely from this nominal wheel load due to inertia forces set up by lack of

balance of rotating parts, closing solid of springs, flat spots or out-of-roundness of wheels,

and irregularities of track surface, ballast, and sub-grade conditions. These conditions

may make the actual wheel load less than the nominal wheel load at some points and

greater at others. It is the increase in wheel load which is of most importance in con-

sidering strength of rail, and this increase of actual wheel load over nominal will be

spoken of as the "dynamic augment."

12. Measurement of Actual Wheel Loads.—Direct measurement of whesl

load would be highly desirable, but all methods considered for this direct measurement

involve a change of track conditions from the normal—such as the placing of elastic

measuring devices under the track.

The method adopted was an indirect one; the elastic elongation of the rail along a

gage length on the lower flange was measured by means of a recording exten:ometer.

This is the same measurement used with marked success by Dr. Talbot in his study of

Stresses in Railroad Track (to which reference has already been made). This measure-

ment involves no modification of the track structure at all, and, by use of the formulas

developed by Dr. Talbot, it is possible to reduce the readings of elastic elongation in

flange to wheel loads on the rail at that point.'

The instrument used in measuring strain in the rail was the DeForest scratch exten-

someter which is shown in Fig. 7. The two clamps C and C attached to the flange of

Fig. 7—DeForest Type of Scratch Extensometer Attached to Flange of Rail.

Gage length between clamps, 4 inches.

the rail carry two flat pieces F and F'. One of the flat pieces carries an arm A, to the

end of which are cemented particles of diamond dust (or carborundum), and the other

member carries a small plate P which can be rotated in the plane of sliding and which

' A study of slrainb set up by (ailing weiKhts striking on a test rail set up as a beam raises the

question as to whether the actual load produced with very rapid application is not greater than the load

determined by the ordinary formulas of mechanics of materials. In any event the actual loads would
seem to be fully as great as the loads determined by Dr. Talbot's formulas. In this connection it should
be remembered that there are very few data as to the resistance and ductility of rail steel under rapidly

applied loads.
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in turn carries a record strip R of chromium-plated brass. As the base of the rail

stretches slightly, due to load, the diamond particles make scratches on the record strip.

A spring S tends to rotate the plate and the record strip, but when no stretching is taking

place the friction is too great to allow this. However, under the stretching, the friction

of motion being less than that of rest, the spring "hitches" the plate a short distance.

Fig. 8 shows a record of elastic elongation of flange of rail taken by this instrument.

The stretch is recorded unmagnified, and the necessary magnification for measurement

of strain is accomplished by means of a microscope fitted with a micrometer eyepiece.

On a single record strip a number of records are drawn by different grains of diamond

dust, but several of these records are always clear, legible records which can be used in

measuring.

Fig. 8—Part of a Scratch Extensometer Record taken under a Passing Freight Train.

Magnification, 110 times.

The reduction of measurements of elastic elongation of flange to wheel load involves

somewhat tedious mathematical computations, and the reduction of data take a far

longer time than the obtaining of data.

13. Results of Tests for Wheel Loads in Service—Preliminary Results.—
The measurement of wheel loads in service involves the gathering of a rather large

amount of "statistical" data. The necessity for statistical data is characteristic of field

tests which determine how hard service any structural or machine member may be

expected to receive. Obviously service conditions cannot be accurately judged by lab-

oratory tests, and estimates of maximum, minimum and average service values must be

based on a large amount of observed data, and must at best be estimated rather than

precisely measured. This fact must be kept in mind in studying the preliminary results

of data for wheel loads in service. They are based on observations on two different

locations: (1) a location on the Baltimore & Ohio Railroad just north of Dayton, Ohio,

and (2) location on the Pennsylvania Railroad at Coatesville, Pa. Most of the observa-

tions have to do with freight car wheel loads, and it may be noted that at these two

locations actual loads from imperfect car wheels were found to be as high as any loads

observed under locomotive wheels. At Dayton the records obtained were based on

53,659 loads at 17 test locations for instruments, and at Coatesville on 36,800 wheel loads

at 8 test locations for instruments. The general results of those tests to date are shown

in Fig. 9.

Both locations represent track in fairly good condition and with heavy rail. They

represent about average conditions of roUing stock. Referring again to the results of

rolling-load tests in the laboratory it would not seem unreasonable to assume that any

wheel load above 40,000 lb. be regarded as one which, repeated often enough, might

spread a shatter crack into a transverse fissure.
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electric and steam locomotives have given some indications that variation in track con-

ditions may also cause appreciable dynamic augment of nominal wheel loads. However,

much more detailed work must be done before any quantitative estimates of these two

factors are possible. It can be stated with confidence that both are important.

(IV) ACCEPTANCE TESTS FOR RAILS

15. Importance of Reliable Tests for Rails.—Strength tests for metals are

commonly tests to destruction of specimens, and there must be a good degree of uni-

formity throughout the metal, if tests of specimens, taken at random, are to give a reli-

able index of strength. In a very few cases significant non-destructive tests of each

piece of metal furnished can be made (e.g., the Brinell test), and in such cases a higher

degree of assurance that each piece is made of satisfactory material is possible than is

the case where it is necessary to depend on tests to destruction of a few specimens.

Shatter cracks in rails are not uniformly distributed among all rails of a heat; they

are found in some rails and not in others ; they are found in some locations along the

length of a given rail and not at other locations. Obviously a non-destructive test which

would locate shatter cracks and which could be applied to every rail of a heat would

be of great advantage, but at the present time no such test is available. The Sperry

method will locate fissures, but not shatter cracks in rails before they are put in service.

The only tests available to-day are tests of specimens to destruction, and while the tests

used are better than no tests at all, they are not capable of assuring freedom from

shatter cracks.

16. Drop Tests and Bend Tests.—The standard strength test for rails is a drop

test of specimens from a heat of steel and usually three specimens are tested per heat.

The specimens are four to six feet long and are cut off at the hot saws. Specifications

require that a specimen placed head-up on supports 3 or 4 feet apart shall withstand one

blow from a 2,000-lb. weight dropped from a height of about 20 feet. Usually if the

specimens withstand the one blow, one of them is subjected to repeated blows until it

fractures, the number of blows noted, and also measurements are made of the elongation

along the tension edge of the rail. Sometimes head-down tests are used in place of, or

in addition to, the head-up tests. Results of drop tests at the University of Illinois indi-

cate that the drop test is not reliable as a detector of shattered rails. The majority of

the shatter-cracked rails tested head-down, and all but one of the shatter-cracked rails

tested head-up, withstood one blow.

After one or more blows from the drop hammer the test rail is so distorted that sub-

sequent blows set up very complicated bending and twisting stresses, and the significance

of the results of the repeated-blow test is quite uncertain. Moreover, the repeated drop

test allows for evaluation of results only by "jumps" of about 40,000 ft.-lb.

The bend test, which has been proposed by a number of engineers and metallurgists

seems to be a distinctly better test than the drop test, although it suffers from the limi-

tations common to all tests to destruction. It consists of a flexural test of a S- or 6-ft.

length of full-size rail in a testing machine or hydraulic press, with measurement of load

and deflection, so that a load-deflection diagram can be drawn or plotted up to fracture.

Then the area under this load-deflection diagram is a measure of the energy required for

fracture, the ordinates measure the load required, and the abscissas measure deflection.

After fracture the elongation along the tension edge of the specimen can be measured as

I
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in the drop test. The bend test gives all the data of the drop test, and load values in

addition. It is more sensitive, and there is freedom from distortion of specimen between

blows.

However, the question is often asked whether the rapidity of loading in the drop

test does not indicate some resisting quality in the specimen which is not shown by the

results of a comparatively slow bend te^t. In this connection attention is called to the

work of S. N. Petrenko at the National Bureau of Standards. His tests showed that for

notched specimens a slow-speed bending test in which area of load-deflection diagram

was measured gave values of energy for fracture in the same ratio of magnitude as the

values given by an impact test."

17. Etch Tests.—A direct test for the presence of shatter cracks in rails consists

of cutting slices from the head of a piece of rail and then etching the slices in hot, strong

acid. This etch opens up any cracks and makes them visible. This test, if thoroughly

carried out, gives direct evidence of the presence or absence of a shattered condition in

the sample tested. Moreover, if it be carried out on several samples of the rail, it gives

some indication of whether the shatter cracks are close to the tread or not. The closer

to the tread a shattered condition exists the more likelihood there is of its starting a

fissure.

Drop, bend, and etch tests are all tests to destruction. Shatter cracks in rails seem

to be localized phenomena, even in a given rail, and like all tests of specimens to destruc-

tion, these tests leave an element of uncertainty as to whether any specimen tested is

representative of the worst, the average, or the best conditions of the steel in the heat

of rails.

18. Results of Tests to Destruction.—In the course of the investigation the

following tests have been systematically carried out on specimen? of rail.

1. Drop Tests head-down 3. Bend Tests

2. Drop Tests head-up 4. Etch Tests of 6-in. pieces

Table 2 summarizes the results of drop tests and bend tests on 74 newly-rolled rails.

The bend test is a better controlled and more sensitive test than the drop test as at

present carried out. It carries the specimen to destruction and gives both load and de-

flection. At the University of Illinois the specimen used had a S-ft. span with a 12-in.

length under uniform bending load, the rail being loaded at two points symmetrically

placed 6 in. on either side of mid-span. An automatic load-deflection diagram was drawn

by the testing machine, and the area under this diagram measured the energy required

to fracture the rail. It is believed that a combination of bend test and etch test require-

ments would be a distinct improvement over the present drop test requirement for rails.

However, as pointed out before, no destructive test of samples guarantees freedom from

localized defects such as shatter cracks.

19. Tests of Specimens Cut from Rails.—An examination of reports from

European and Asiatic railroads shows a tendency to use tests of specimens cut from the

rail—tension tests, impact tests of notched specimens, and fatigue tests, all are mentioned.

Machining specimens from railroad rails is a very expensive and time-consuming opera-

tion. Moreover, the test of a full-size piece of rail would seem to offer better chances of

testing metal with characteristic defects than would be the case for small specimens

machined out of the rail. The cost of acceptance tests which involve the testing of speci-

mens machined out of the rail would hardly be justified by the additional information

secured. These remarks do not apply to research tests of rail steel.

' Technologic Papers of the Bureau of Standards, No. 289.
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Table 2

ACCEPTANCE AND REJECTION OF RAILS ACCORDING TO THE RESULTS OF
BEND lESTS AND DROP TESTS ON 74 RAILS

Test

Criterion of

Acceptance or
Rejection'

No. of Rails
Rejected by
Test, which

were free from
Shatter Cracks^

No. of Rails

Rejected by
Test, which
had only

Longitudinal
Shatter Cracks^

No. of Rails
Accepted by

Test, which had
Transverse

Shatter Cracks*

Bend Test
Energy for Fracture 125,000 ft.-lb

Elongation 12% in 1-inch gage
length on tension
flange 1

Drop Test Head-Up
Single Blow 1 blow approx.'

40,000 it. lb

Elongation 7^4% for 130-lb. rail 3
8"4% for no-lb. rail

Drop Test Head-Down
Single Blow 1 blow approx.'

40.000 ft.lb
Elongation 1V2% lor 130-lb. rail

8^% for no-lb. rail

' Arbitrary values, selected by test party.
^ Shatter cracks as shown by etch tests of 6-inch specimen from end of broken rail specimen.
3ASTM standard test.

20. Non-Destructive Tests for Shatter Cracks in Rails.—A very consider-

able amount of study and experimentation has been carried on in an attempt to find

some reliable non-destructive test for shatter cracks in rails. Resistance te ts, tests of

distortion of magnetic field above a crack, tests of thermal conductivity, tests of modifi-

cation of sound waves by minute cracks, tests of distortion of magnetic lines of force

above a crack (iron dust test)—all these have been tried, and no reliable test has re-

sulted. The difficulty in all cases seems to lie in the extremely minute proportion of

volume of steel which is directly affected by a shatter crack.^" Variations in quality in

the much larger volume of uncracked steel present quite mask indications due to the

small cracks. So far no device has been tried out by the test party which is capable of

detecting a cracked area of less than about 0.5 sq. in.

Tests have shown some promise of success in using a microphone with amplifier and

telephone attached to a cooling rail as an indicator of the occurrence of cracks. At present

an attempt is under way to devise a recording apparatus to replace the telephone

receiver.

(V) TESTS OF RAILS MADE BY SPECIAL PROCESSES

21. The Cause and Significance of Shatter Cracks in Rails.—The results of

ihis investigation, as well as the experience of rail manufacturers and users for the past

several yeais, has placed emphasis on the significance of shatter cracks. To the stress

analyst they appear as a source of stress concentration ; to the metallurgist they appear

as indications of stress conditions which occur during manufacture of the rails; to the

" Micrographs of shatter cracks in unclched steel indicate tbat a shatter crack has a width of the
order of one one-hundred thousandth of an inch.
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rail inspector they are usually associated with the development of transverse fissures in

service. In the present investigation they have always been present in rails in which

internal fissures were developed in the laboratory."

22. Special Processes in Rail Manufacture.—So far the processes proposed,

and in commercial use, for the reduction or elimination of shatter cracks are applied to

the rails after they have passed the roll?. General observation in steel plants and tests

of steel at various temperatures indicate that it is probable that internal cracks occur

during the period of the cooling of the rail, and two types of thermal treatment for the

elimination of shatter cracks have been carried out on a commercial scale. These two

types of treatment are: (1) A controlled cooling of the rail, and (2)' The cooling of

the rail through its critical range, followed by the reheating of the rail above the critical

range to give a grain refinement, followed by cooling in the air; this is a special normal-

izing process." Slow cooling means a general reduction of temperature gradient and

internal strain throughout the rail, and a gradual adjustment of the metal to equilibrium.

A normalizing process can be made to give steel an improved crystalline structure capable

of resisting more severe cooling strains.

23. Test Results for Thermally Treated Rails.—Thirty-six pairs of rails have

been furnished by various mills. One rail of each pair was cooled in the usual way on

hot beds and the other was subjected to some special thermal treatment after rolling.

The results are shown graphically in Fig. 10 and may be summarized as follows:

From Mill L, four rails were received ; hot-bed rails had shatter cracks, showed low

results in bend tests, and developed fissures in rolling-load tests. Slowly-cooled rails

showed no shatter cracks, showed good results in bend te.=ts, and developed no fis.-ures

in rolling-load tests.

From Mill E, ten rails were furnished ; two hot-bed rails showed shatter cracks, one

showed slightly low results in bend tests. Four rails were subjected to a rolling-load test.

One slowly-cooled rail failed in the web (not a fissure in the head) . One thermally-

treated rail and two hot-bed-cooled rails withstood at least 2,000,000 cycles of a wheel

load of 75,000 lb. without developing fissures.

From Mill D, ten rails were furnished; hot-bed rails all showed many shatter cracks

and gave low results in bend tests. Five rails were given a rolling-load test, one hot-bed

rail developed no fissures; one developed a fissure. In the normalized rails, three showed

a few shatter cracks, gave good bend test results, and three were given a rolling-load test

and developed no fissures.

From Mill B, twenty-four rails were furnished; neither hot-bed rails nor slowly-

cooled rails showed shatter cracks. Slowly-cooled rails showed distinctly higher results

in bend tests than hot-bed rails. No fissures developed in rolling-load tests.

From Mill E, second lot. Mill D, second lot, and Mill I, twenty-four rails were fur-

nished; no shatter cracks were found in any rails, either hot-bed or specially treated,

—

good results were obtained in bend te=ts, and no fissure.- have yet developed in rolling-

load tests.

No significant lowering of Brinell hardness was observed for any group of thermally

treated rails which were tested. See Fig. 10.

It is evident that the tests so far indicate di.stinct improvement due to the thermal

treatments used, which included (1) slow cooling from various temperatures in an in-

" Here it may be again noted that neither in the laboratory nor in .service do fissures develop in

all shatter-cracked rails.

"See Railway Age, March 2, 193S, for description of the Brunner normalizing process.
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sulated chamber (usually holding about one heat of rails), and (2) a normalizing process

after cooling. It is also evident that most rails rolled develop no shatter cracks when

cooled in the ordinary manner on hot beds.

(VI) FRACTURE OF RAIL STEEL AT LOW TEMPERATURES

24. Increased Number of Fissures in Cold Weather.—It is a matter of

common railroad experience, especially in the northern United States and Canada, that

rail failures are more frequent in cold weather than in warm weather. Two general types

of explanation for this have been offered: (1) Changed track conditions due to low

temperatures and to freezing and thawing, and (2) changes in the physical properties of

rail steel at low temperatures. Some scratch extensometer tests have been made on track

during cold weather, and some increase in dymmic augment of wheel loads was noted.

25. Tests of the Physical Properties of Rail Steel at Low Temperatures.

—During the past year a fairly extensive series of tests of rail steel at low temperatures

has been made with the verj' generous aid of the U.S. Air Service in the cold room at

Wright Field, Dayton, Ohio. Fatigue tests, tensile tests, Brinell tests, and impact tests

of numerous specimens from three rails have been run in this cold room with minimum
temperatures of —40° Fahr. for all tests and of —53 '^ Fahr. for impact tests and tensile

tests. Tests were run both on standard specimens and on notched specimens. Fig. 11

shows a summary of the results of the tests, from which it will be noted that the tensile

strength of unnotched specimens increased as temperatures decreased to about zero

Fahrenheit, and then decreased with further decrease of temperature for steel from two

rails and increased in strength for the steel from the third rail. Notched tensile specimens

showed decrease of strength with decrease of temperature. Brinell hardness increased

with decrease of temperature. Fatigue strength of unnotched specimens increased with

decrease of temperature, while fatigue strength of notched specimens changed but little

with decrease of temperature. At the lower temperatures the rail steel tested seemed

more sensitive to notch effect than at higher temperatures.

Fig. 11 also shows the results of the tests for ductility and impact value. Elonga-

tion, reduction of area, Izod value for notched specimens, and (most marked effect of

all) Izod value for unnotched specimens, all show marked decrease for lowering of tem-

perature. A high impact test value is a point in favor of a steel.

Of the three rails from which specimens were taken, Rail 1017 was a hot-bed-cooled

rail in which etch tests had shown shatter cracks. Rail 1018 was a companion rail slow-

cooled in which no shatter cracks had been found, and Rail 1063 was a hot-bed-cooled

rail in which etch tests had shown no shatter cracks. No outstanding differences appear

between the results of strength and ductility tests for these three rails.

To sum up, definite evidence has been obtained that the general tendency is for

strength properties of rail steel to increase as temperatures decrease to —40° Fahr., while

I he brittleness of the .steel also increases. A series of fatigue tests to study the weaken-

ing effect of occasional periods of overload would be rather timc-con.suming and expensive

liut would seem very worth-while.

(VII) MISCELLANEOUS LINES OF INVESTIGATION

26. Other Tests and Studies.—During the four years of the Rails Investigation

many lines of interesting experimentation have been carried out for which space is lack-

ing in this report. A large number of mctallographic studies of the structure of rail
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Studies of internal strains of rails were made after they had been hot-bed-cooled and

in general, the strains in the head were found to be rather small and to be compressive

rather than tensile. This is in accordance with results obtained by previous investigators.

It must be noted that the strains left in a rail after cooling would be no indication of the

strains set up in a rail while it was cooling.

Studies of the effects of occasional overload on rail steel at ordinary temperaturci

indicate that rail steel is more quickly damaged by such overload than is the case for

softer steels. This line of study is still in progress.

An interesting line of work is now being carried on in connection with the behavior

of a rail under an impact of a falling weight. Some quite complex questions of effect

of waves of stress and of inertia of the deflecting rail are involved as well as the question

of the relative strength and ductility of rail steel under very rapidly applied load and

under slowly applied load. This investigation is still in progress.

27. General Note.—Attention is again called to the fact that the information

submitted is that of a progress report and of necessity only a brief outline of the vol-

uminous and detailed studies conducted, and furthermore that final, definite conclusions

are not to be drawn at this time from the statements embodied in this report. Also that

additional and incidental lines of work are tried out from time to time, both in the

laboratory, at the mills, and in the field, depending on circumstances and developments.
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LANDSLIDES, SUBSIDENCES, AND ROCK-FALLS

As Problems for the Railroad Engineer

By George Edgar Ladd

INTRODUCTION

Earth-movements of types included in the title of this paper are exceedingly wide-

spread geographically and frequent in occurrence. They annually cause the loss of many
lives and enormous sums in total damages. True Subsidences and Rock Falls, while

often serious in consequences, occur infrequently. Of the three phenomena Landslides

are by far the most common. They occur in regions of very low relief as well as in those

of lofty mountains. Except for slides resulting from earthquakes, erosion of base by sea

and lake waters, or by streams that arise in distant areas of rain or snow fall, they are

not common in highly arid regions, but do occur in such areas during occasional severe

rainfalls. They are most frequent, regardless of topographic relief, where a combination

of heavy rainfall and abundance of unconsolidated earth-material exists. In magnitude

they range from insignificant, miniature slides to those involving many millions of cubic

yards. SHdes moving swiftly down steep mountain slopes are termed in popular language

avalanches. Various types will be discussed in this paper.

It is worthy of remark here that, with the exception of a small number of attempts

to apply mathematics to landslide problems, all of the very considerable mass of litera-

ture dealing with this subject treats it, not from the point of view of the Engineer, but

from a geological and descriptive standpoint. Engineers are often handicapped in deal-

ing with sUdes through lack of knowledge of best methods of control in given cases, and

through lack of available information in text books and of experience in interpreting

pertinent geological conditions. But guesswork should be eliminated. More intimate

knowledge of conditions and causes may prevent huge excess costs, loss of structures and

equipment, and loss of lives. Even the many very small slides which fall upon or dis-

locate tracks or slip from beneath them, particular!}' in the case of fills and half-fills, not

only cost money but are always threats and have actually caused the wreck of numerous

trains. Many wrecks attributed to "washouts" are, in part, at least, due to associated

slides. Most of them are preventable.

This paper has been prepared in the hope that it will present a picture of the nature

of the movements under discussion, their causes, means of prevention, and the control

methods most likely to succeed, in various types of cases. It is hoped also that it will

stimulate greater interest in the subject and a clearer recognition of the magnitude of

the sum of losses in life and property due to landslides and allied earth-movements and

of their very wide distribution over the face of the earth.

With the latter of these objectives in mind, there seems justification for occupying

space with statements of personal observation, with records of a few of the many dis-

astrous slides of the past, and with reproduction of some newspaper headlines, the sig-

nificance of which lies in the fact that they come not from a "clipping bureau," but are

only such as have been noticed by the writer in casual reading of a daily evening paper.

Doubtless very many such items have not been seen by him. Moreover, slides, even

though causing great property damage, are seldom recorded outside local papers unless

human life has been lost. It should be noted that nearly all of those cited relate to slides

that have occurred within the past few years.

1092
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While on numerous field trips the writer has examined several thousand slides, sub-

sidences, and rock-falls, wherein, except in the case of the collapse of artificial fills and

of boulder falls, movements of large yardage of material were generally involved. But

occasionally miniature slides have been studied which caused serious disasters. During

an investigation of slides in the area embraced by western Pennsylvania, southern and

eastern Ohio, northern and eastern Kentucky, and western West Virginia, it was estimated

by the writer that they caused an annual damage approximating ten million dollars. A
little previous to that time one slide, in Pennsylvania, had cost a railroad over one million

dollars. A little later a slide in southern Ohio cost a railroad nearly as large a sum.

The following year a slide in the far west cost a state (highways) nearly a milUon dollars.

It is unnecessary to refer to the great slides of the Panama Canal.' Knowledge of

them has long been available to Engineers.

Looking into the past, a few records out of hundreds may be noted for emphasis:

South of Chambery, Savoy, in 124S part of Mt. Grenier fell and buried five parishes,

including the town and church of St. Andre, "the ruins occupying an area of nine square
miles."

In 1618, a portion of Mt. Conto, Switzerland, fell and buried the town of Pleurs

and all its inhabitants, numbering 2,430.

Three villages with their entire populations were buried when the mountain of Piz

fell, in 1772, in the state of Venice.

Near Sitizzano, Calabria, in March, 1783, a valley was nearly filled to the level of

its sides by enormous masses detached from the boundary hills.

A slide at Rossberg, Switzerland, cost the lives of eight hundred people. This was
in 1806.

In 1826, in New Hampshire (White Mountains) an enormous slide occurred in which
the Willey family of nine members perished.

In 1839, on the coast of Devonshire, a slide occurred nearly a mile in length, 100 to

150 feet in depth, and 240 feet in breadth. It pushed up a characteristic ridge, beyond
the shore line of the sea, about a mile in length.

The Elm slide, 1881, in the Alps, has been described by an eye witness. It covered

an area of 900,000 square meters to a depth of 10 to 20 meters.

In September, 1893, a slide containing 800,000,000 tons of rock occurred in the

Himalaya Mountains, ISO miles above the city of Hardwar.

The "mountain fall" at Frank, Alberta, 1903, which precipitated forty million yards

of rock into and across the valley, has had wide publicity in technical journals.

A more recent slide, 1925, of huge proportions, is known as the Gros Ventre Slide.

It occurred on Gros Ventre mountain and slid into a branch of the Snake River in the

Jackson Hole country, Wyoming.

Coming now to the immediate past, the following newspaper headlines, gathered in

the casual way above described, compels recognition by engineers of the importance of

the subject under consideration.

Salt Lake City, Utah, February' 17, 1926, "Thirty Six Bodies Taken From Debris of

Utah Landslide."

Rio De Janeiro, Brazil, March 10, 1928, "Mountainside Falls Upon City: Two
Hundred Dead and Dying."

Steubenville, Ohio, October 23, 1930, "Victims Trapped in Caboose of Freight Train

Buried by Falling Dirt and Stone."

Paris, France, November 14, 1930, "French Dead in Landslide Set at Sixty. New
Fall Feared."

Manizales, Colombia, November 18, 1930, "Fourteen Persons Drowned When Land-
slide Dams River."

Geneva, Ohio, November 19, 1930, "Swamp That Engulfed Train Now Swallows

Highway."
Algiers, Algeria, December 28, 1930, "Twenty Die in Landslide."

' See Bibliography.
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Guayaquil, Ecuador, January 10, 1931, "Ecuador Landslide Buries One Hundred and

Seventy Workers on Railroad Near Huigra."

Bardeneccia, Italy, January 28, 1931, "Twenty One Men Feared Lost as Two Land-

slides Overwhelm Patrol."

Le Chartelard, France, March 17, 1931, "Slide Smashes Highway, Government Erect-

ing Barriers to Protect Village."

Marmot, West Virginia, April 23, 1931, "Three Men Die. Seven Trapped by Land-

slide."

Bauges, France, May 9, 1931, "Avalanche Swallows French Town." "Two Villages

Destroyed."

Poughkeepsie, New York, May 11, 1931, "Engineer Killed in Wreck of Train by
Landslide."

Las Vegas, Nevada, May 18, 1931, "Nevada Landslide Fatal to Two Men."
Tours, France, May 19, 1931, "Gen. Dunlap, U.S.M.C, Killed in Slide. Entombed

With Two Others."

Pittsburgh, Pennsylvania, Mav 22, 1931, "Engineer Killed. Two Tracks Blocked.

Collision With Fallen Boulder."

Vatican, Rome, February 4, 1932, "Engineer Says Papal Palace Being Moved by
Earthslide."

Istanbul, February 16, 1932, "Six Die in Slide."

North Bend, Washington, February 26, 1932, "Seven Die in Slide, Houses Carried a

Mile. Deaths Now Thirteen."

Eddy, Montana, March 18, 1932, "Boulder Wrecks Passenger Train."

Naples, Italy, April 1, 1932, "Ten Thousand Flee as Town Collapses Into Old Roman
Caves."

Lyons, France, May 10, 1932, "Slide Buries Thirty." "More Slides Peril Sixteen

Hundred." "Million Tons of Earth Tumble Down Mountainside."
Curacautin, Chile, May 20, 1932, "Forty Two Entombed in Crumbled Cavern."
Whitefish, Montana, November 28, 1932, "Boulder DeraUs Train. Three Injured."

Durango, Colorado, December 29, 1932, "Moving Mountain Awes Town."
Guayaquil, Ecuador, 1932, "Bodies Seen in Slide. Life Toll Unknown."
Blairsville, Pennsylvania, January 18, 1933, "Fallen Boulder Derails Train. Engineer

Killed. Others Injured."

Fletcher, North Carolina, February 8, 1933, "Carolina Landslide Crushes Seven to

Death "

Barmouth, Wales, March 5, 1933, "Engine Swept One Hundred Feet by Landslide
Killing Driver and Fireman."

Saint-Jean-De-Maurienne, France, March 21, 1933, "Ten Dead in Avalanche."
Lima, Peru, March 29, 1933, "Fear One Thousand Dead in Landslide at Tantaday."
Rio De Janeiro, Brazil, April 25, 1933, "Boulder From Mountainside Crushes Legs

of Brazilian President."

San Clemente, California, May 14, 1933, "Landslide Demolishes Mayor's Residence."

It has been stated above that of all the large amount of literature about landslides

and subsidences, little is technical, and less is of practical value to the Engineer. A chap-

ter on the subject in a work on "Engineering Geology" is afflicted with a mass of ter-

minology, and explanations of some of the terms contain erroneous assumptions. "Con-

siderations for Engineers" occupies printed space but serves no useful purpose. This is

due to the lack of comprehensive, technical literature on the subject. Prenck, Becker,

MacDonald, Terzaghi, and others have attacked landslide problems with mathematical

formulae. If applicable at all, their use would be confined to perfectly homogeneous,

unbroken, undisturbed, and solitary masses of clay, volcanic ash, and, possibly, sand.

But Nature did not supply such material in all the essential details and relationships.

Actual conditions unite to defy mathematics.

Much light has been thrown on the nature and origin of some varieties of slides, by

the studies of Ernest Howe in the San Juan Mountains of Colorado. In Professional

Paper 67, 1909, U.S.G.S., he comprehensively discusses the extraordinary rock slides (three

quarters of a mile, or so, in length) and other types which are numerous in that and
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adjacent areas. VVliitman Cross (numerous reports, U.S.G.S.) has also studied them

effectively, in the same and nearby areas. Howe analyzes causes, as apparently true ol

that region; gives a classification of slides of his own; and reproduces and discusses the

classification of Albert Heim who in 1S82 made a special study of the landslides of the

Alps, which he published under the title, "Ueber Bergstiirze."

An important treatise on the Panama Canal Slides was prepared by a committee of

distinguished geologi.sts and Engineers, and [niblished as a memoir by the National

Academy of Sciences, Vol. XVIII, 1924.

After all, the engineer is mostly concerned with the problems of relatively small

slides that fall upon tracks, and especially of small "slips" occurring frequently in fills

and half-fills which leave tracks unsupported, which are responsible now and then for

serious wrecks, and which occasion large excess maintenance costs.

This preface gives opportunity to call attention to the facts that the abundance of

landslides on the earth's surface, throughout time, should dignify them among geologists

as topography-shapers, and that "erosion", alone, should be given less credit for playing

the major role.

The abundance of large slides in mountainous countries is demonstrated by the fart

that the government of Italy maintains an organization for work not only in connection

with earthquakes but with landslides also. In connection with the latter it spends annu-

ally about $10,000,000. This sum does not include costs of control and damages where

private property is involved and owners are able to pay them.

Another example, unnecessary perhaps, is the fact that after the completion of the

Transandean railroad in 1910, trains were operated on it only 697 days out of 3,287 days,

because of frequent landslides.

Finally, the subject of prevention should be further emphasized. Engineers are often

busy clearing up slide material, repairing damages, and trying to control slow moving

slides. But they seldom work at prevention on any considerable scale. Is it too hard

to get money from executives to guard against possibilities, or even what should, with

proper knowledge, appear as probabilities?

The writer has been consulted in several hundred cases of slide troubles already

developed, but has seldom been asked to report on preventive measures. In one case of

highway problems a proposed location was "vetoed" but a safe, nearby location was found

and suggested. The latter was adopted. In another ca.'-c the question was put: "If we
locate here, where a six to eight foot cut will be necessary for a distance of eighteen hun-

dred feet, will this type of upward sloping ground, running back three to four hundred

feet, slide upon us?" I said, "It will!" They did! It did! This slide was preventable

at low cost, as I pointed out.

DEFINITIONS

Landslides.—Landslides are superficial earth-movements having essentially a hor-

izontal component, usually involving slopes varying from very gentle to very steep; but,

rarely, involving vertical cliffs at one extreme, and level but unsupported ground at the

other.

Subsidences.—Subsidences are relatively superficial and local, vertically-downward

earth-movements, excluding shrinkage and consolidation, in fills in which a horizontal

component, if any, is confined to out-'^queezed, underlying material. In the latter case

they are mostly confined to artificial fills resting upon soft, unstable ground. Crusta!

subsidences associated directly with "faults" are not here considered.
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Rock-Falls.—Rock-Falls are precipitated loosened rock groups, or individual bculd-

ers, initially from faces of cuts, or from nearby or remote cliffs and rock outcrcps which

present vertical or steeply sloped faces. They are distinguished from landslides by being

distinctly extreme surface-phenomena; solid rock; usually very small in volume; and

consisting, generally, of individual rather than massed units. The repeated fall of rock

fragments and shale particles (dribble) from cliffs or approximately vertical faces must

be included in this class of superficial earth-movement. Such material, accumulated,

forms what is known as "talus".

LANDSLIDES

Classlfication

Baltzer, in a treatise entitled "Ueber Bergstiirze in den Alpen", 1875, classified Swiss

landslides as follows:

—

1. Rock-Falls, (Felsstiirze)

2. Earth-slips, (Erdschliffe)

3. Mud Streams, (Schlammstrome)

4. Mixed Falls, (gemischte Stiirze)'

In 1880 Baltzer suggested another classification based on "The dimensions of the

mass moved and the solid or muddy condition of the material." This was published in

Neues Jahrb., 1880, II, p. 198.

Heim, in 1882, suggested the following comprehensive classification. It is reproduced

and translated in Howe's Landslides of the San Juan Mountains,^ a work which, al hough

not for Engineers, and offering no solutions to their problems, should be read by them:

Landslides

Movements involving

detritus

Movements involving

solid rock

falls of greater magnitude
I. Soil slips

II. Earth slides or

than I.

III. Rock slips

IV. Rock-falls

V. Compound slides, with respect to character
of movement and of materials.

VI. Unclassified and special cases.

Howe," in 1909, classified the San Juan Mountain Landslides as follows:

Movements of Detritus

Soil (or earth) creeps

Earth slides or soil slips

Mud flows

Talus slumps

Submarine slides at edge of continental shelf, or from ends of deltas.

^Ernest Howe, U.S.G.S., Professional Paper No. 67. See also Physiography and Quaternary Geol-
ogy of the San Juan Mountains, Colo., by Atwood and Mather.

^Ernest Howe, U.S.G.S., Professional Paper No. 67. See also Physiography and Quaternary Geol-
ogy of the San Juan Mountains, Colo., by Atwood and Mather, U.S.G.S., Professional Paper No. 166.
Also works of Whitman Cross on same region, U.S.G.S.; also "The Cimarron Landslide," July, 1886,
Col. Sci. See. 1886, pp. 116-126.
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Movements of Solid Rock

Rock slides:

Large masses of rock rotating backward on axes parallel to strike of slope

down which movement takes place.

Rock-falls:

Rocks shattered: if of sufficient magnitude shattered rock may move with

great velocity outward from base of cliffs as a flow of newly made detritus.

Movements of both Detritus and Solid Rock

Rock falls or slides on detritus, resulting in the movement of both.

Miscellaneous

Slides from artificial cuts.

Sinking of ground over mines or caverns.

Dr. Charles Terzaghi, in "Erdbaumechanik auf bodenphysikalischer Grundlage", 1925,

p. 356, published a classification which the writer translates as follows:

Order
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Type 1. This is the most simple type, at least from the morphological point of view.

It may be considered as a locally intensified form of the normal process of washing. It

consists of "scourings", often thick, but usually thin and superficial, engaging only the

exterior cortex of materials which water, poured down as rain, has penetrated and ren-

dered soggy, and which it drags down a slope.

Type 2. This differs from Type 1 in degree only. It includes slips which result

from yielding or sinking. They occur in connection with thick formations of a clayey

base. Its excavations are not superficial: it may deal with clods a few meters in thick-

ness or masses tens of meters thick, which are thrown down into new positions of equi-

librium, and deposited in a sort of conoid, more or less solitary. There are thus dis-

tinguished,—zones of detachment and zones of deposition. A characteristic of this type

is periodicity.

Type 3. This type includes the more disastrous slides which are fortunately rare.

These may be named Slipping Slides because movement is on a more or less clearly

defined plane ("of friction", if literal translation is used). The upper strata slip down,

more or less uniformly, upon inferior strata, lubricated usually by seepage water. A cer-

tain slope and inclination of the strata is indispensible in the production of such slides.

Type 4. These are slips "by rolling," which represent a heightened and catastrophic

form of that process, common in mountains. They take place, normally, in the form of

rolling of masses or discrete and isolated boulders, and give rise to a fall of detritus

toward the base of the mountain. The principal preparatory agent is water.

Type 5. This includes avalanches caused by erosion of the substrata, and may be

more simply denominated Slips Through Collapse.

The author discusses a sixth class which consists of mixed types.

Regardless of what classification we use, types of sUdes will be found that do not

unconditionally fit into any one class. The character of them is compound. For such

types both Heim and Howe have made a place.

The writer has adopted a classification which seems most rational in the light of all

that he has read on the occurrence of slides in the two Americas and east to the Malay

Archipelago, and of all that he has personally observed in most parts of North America,

and in the Alps and Austrian and Italian Tyrol. It seems morei logical and comprehifen-

sive than other classifications. The class "Soil, or Earth Creeps," is omitted not because

there is radical objection to it, but because it introduces a factor of time or rate which

is not elsewhere taken into account. There are, to be sure, cases of slow creep. Howe
mentions them. Others have done so. Terzaghj records "a creep of material behind

some retaining walls." But there are all gradations of rate of movement. After a clean-

up of the toe of a slide from a concrete pavement, in West Virginia, for a long period

the main mass advanced very slowly upon the pavement so that periodic use of a steam

shovel was necessary. The writer did some timing of the rate of movement of this slide,

and found that it was making an average advance of about eight inches every twenty-

four hours.

The great Gros Ventre slide in Wyoming in 1925 moved for a length of more than

a mile on the mountainside, crossed the valley of the Snake River, a half mile wide, and

piled material up on the far side to a height of four hundred feet. It filled the rivei

with a dam occupying more than a mile of its course. It was witnessed by several ranch

people. Of these, one stated that it was all over from start? to finish in five minutes,

.\nother estimated the time as not more than three minutes. Another Gros Ventre slide,'

1908-9, of a slow flow type, was a full year in attaining stability.

* Described by Blackwelder. See Bibliography.
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Another type of movement is omitted by the writer and by others. Clearly the

movement of rock products, from rlHv particles and fine silt to boulders, by streams,

waves, etc., is not such as can be classed as landslides. But there are many gradations

of movements of earth-materials in water. There is little difference between some of

them and the flow-type of landslides.

A border-line movement recently occurred in Rainier National Park, State of Wash-

ington, where the Nisqually Glacier Bridge was carried out by a sudden rush of glacial

debris, mostly boulders, shoved by a wall of water bursting from beneath the glacier.

What shall be said of the following case? Many years ago the writer made a trip

by rail over the "Alpine Pass," en route from Gunnison to Nathrop, Colorado. As we

neared the swing along the flank of Mount Princeton we were stopped by the flagman

of a freight train that had plunged into a "landslide." The latter resulted from a "cloud-

burst." Our train conductor assured the passengers that help had been sent for, and that

in a few hours we would be on our wav. The writer, after an inspection of the nearby

"slide" area was not so optimistic. He walked on, and on, along the line of the track

which had disappeared. For a distance of five miles it was buried by debris. It was

never excavated! Was this wash or slide;' This movement was border-line, but belongs

to the "flow" type of slides.

For a variety of slide which the writer calls "wash-slide" (a variety of "flow" not

included under tabulated types) see Roberto Almagia's Type 1, in his classification of

Italian Slides.

The following classification, made by the writer, will be used for discussion of illus-

trative cases in the order therein presented.

LANDSLIDE TYPES (Ladd)
1. Flows:

a. Mud flows consisting of clay material.

b. Mud flows consisting of volcanic ash or its decomposition products.

2. Slope readjustments; in materials as follows:

a. Soil accumulations, originating in situ.

b. Talus accumulations, originating through gravity, and frost and weathering

processes working on cliff faces of rock formations, or on steeply sloped

surfaces.

c. Beds of clay.

d. Sand accumulations.
e. Heterogeneous glacial debris.

f. Unconsolidated volcanic products.

g. Aggregates of shattered serpentine, or of any of the clay-like group of ser-

pentine materials,

h. Artificial fills and half-fills made of earth-materials other than boulders and
gravel.

3. Undermined strata (cases not included in Subsidences and Rock-Falls because of

horizontal element in movement)

:

a. Collapse with slide characteristics, resulting from squcczing-out of under-

lying wet clayey beds, or the escape of underlying rounded sand beds

(unconsolidated)

.

b. Collapse with slide characteristics, due to breaking down of underlying weak,
poorly consolidated strata; or such areas in igneous rock masses (vol-

canic) .

c. Collapse with slide characteristics, due to burning of underlying lignite beds.

4. Structural slides. Movement on, and because of:

a. Bedding planes.

b. Joint planes.

c. Fault planes.

d. Schistose planes.

5. Clay ejection from ancient clay-filk-d caves opened by cuts. (Rare).
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A discussion of these types, with accounts of slides selected as examples of each, is

deferred until consideration can be given to the earth-materials which are directly in-

volved in a great majority of landslides.

EARTH-MATERIALS WHICH SLIDE OR PROMOTE SLIDES

Understanding of the writer's discussion of "Landslide types, and examples", which

might logically follow his "Classification", will be made easier by insertion, here, of a

brief account of the origin and nature of the materials and geological structures that are

most commonly involved in shdes, and of their causes.

The Earth's Mantle, or Recolith

Slides, under certain conditions, occur in so called solid rock, but are most numerous

in loose material which, diverse in character and in varied combinations, covers most of

the earth's surface. In the aggregate this is known as the earth's mantle of unconsol-

idated materials which consist of sands, silts, clays, gravels, boulders, angular rock frag-

ments, and, in certain areas, volcanic ash and its decomposition products. Through this

mantle the under-lying rocks, here and there, peer at the sky where exposed on steep

mountain slopes, or elsewhere,—bared by erosion of water, ice, or, in some cases, winds.

For this mantle several names have been suggested by geologists. Of these the word

Regolith while not wholly satisfactory is perhaps the nearest so. It was suggested by

George P. Merrill, in his treatise on "Rocks, Rock-weathering and Soils"."

The materials of the Regolith originate in five ways. The first and most important

of these is chemical alteration of individual minerals in solid rocks, aided by disintegra-

tion due to frost action. The second is disintegration of solid-rock surfaces and rock

fragments by abrasion of moving water and ice, and, in small degree, by winds, using

rock fragments, large or small (down to the finest sand), as grinding tools. This action

is effective also as between rock fragments themselves. The third is disintegration by

wetting, or alternate wetting and drying, frost action, or chemical solution of binding

material, in partially consolidated rocks, such as shales, soft sandstones, etc. The fourth

is the production of "ash" or dust by volcanic explosions. The fifth is the accumulation

of plant-growth material which, with some silt, constitutes peat formations.

Where weathered rock-products remain essentially undisturbed in the place of their

origin, i.e., m situ, they are known as Residuary, and belong to the Class of Sedentaries.

These, in the United States, are most widespread east of the Mississippi River and south

of the area once ice-covered,—during the Glacial Epoch. They are, when old, iron-

stained to reddish and brownish colors. They are never truly stratified. In Europe

such formations are known as Terra Rossa. In the tropics a considerable portion of the

material called Laterite may be classed as Residual The chemical decomposition of

igneous rocks results in the production of salts which are largely carried away in solution.

Other products, in large proportion, are various hydrous silicates of aluminum, which be-

long in a general way to the clay group. These will be found mixed with residuary frag-

ments, partially altered, of feldspars, hornblende, etc., and the quartz grains of the orig-

inal rock. The latter are mostly unaffected by the chemicals in surface waters, and in

time, after transportation, become a part of the vast amount of sand deposits which

make up a considerable portion of the earth's mantle. The reason that clays and sands

are so abundant is that the former is itself a product of weathering processes and is

* Engineers may profit by study of Parts FII. IV, and V, of this book, as well as by careful reading

of a standard elementary work on General Geology. Voluminous works, with much detail, may well

be avoided.
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subject, practically, to no further changes except those of abrasion, and that the latter,

being essentially unaffected by the chemicals of surface waters due to original compo i-

tion, also remain indefinitely, as a part of the Regolith, immune to further change except

that of being rounded and reduced in size by abrasive influences.

Another type of so-called residual material is only secondarily so. This consists of

clays with an intermediate history of transportation until deposited in deep or qu et wa-

ters where limestones were being formed, and therein locked up until the whole forma-

tion was raised above sea level, the limestone dissolved, and the clay content left be-

hind as a residuary deposit. Such are the fine, plastic clays often found in limestone cav-

erns, and covering wide areas as an over-burden on underlying limestone b^ds. The

sticky, black soils of central Texas are examples of clays originating in th's way. An-

other type of secondarily residual material is represented by clayey accumu'ations lying

upon shale beds, and resulting from the physical disintegration of the compacted, and

often slightly altered shales. In northern California, west of the Sierras, many masses of

this type of the earth's mantle lead to serious landslides. In a similar way vo'canic rocks

and volcanic tuffs (at one time more or less consolidated) may, through decomposiaon,

become slide material."

Still another type of sedentary material is classed as "cumulose'. Examples of thi

are found in swamps and bogs. These, originally lakes and ponds, have become filled with

coarse plant growth, infusorial, animalcule, and microscopic plant remains, to which may
be added some clay and silt washed in from surrounding territory. Such material be-

coming peat, may, on elevation, be burned out and lead to landslides of the "Undermined"

Type. In original position they lead to subsidences.

Transported Slide Materials

Opposed to the formations of the Sedentary Class are the very large and widespread

accumulations of the products of rock-weathering and rock-abrasion which have been

transported by water, ice, and wind, and deposited, with more or less evidences of strat-

ification, as extensive parts of the Regolith. To this class belong glac'al formations,

—

morains, eskers, boulder clay (largely rock dust), some sand plains, and certain clay de-

posits (glacio-lacustrine) ; river deltas, terraces and flood plains; marine deposits; ancient

lake formations; wind blown sand and silt deposits; volcanic ash; and "talus" on steep

mountain slopes, where retained by benches, and, principally, at the foot of cliffs.

Even masses of glacial morain, consisting largely of boulders, sometimes slide. This,

particularly, when they rest upon steep slopes. Slides of such material are not uncom-

mon in the State of Vermont. Slides in glacio-lacustrine clay beds are common in

southern and western New York, parts of northern Pennsylvania, and in many areas sur-

rounding the Great Lakes, notably in northern Wisconsin, and north and south of Lake

Erie.

Owing to low relief and slight elevation above surrounding stream levels, river deltas

and flood plains suffer mostly from one type of slide, in spite of the fact that their ma-

terial is largely adapted to slide occurrence. Associated with river erosion, p3rticular'>

in flood times, the sum of slides along the banks of the larger rivers is enormous. Lyel!

has called attention to such slides, of very great proportions, along the Amazon. River

terraces, especially the higher ones, are, in material and situation, constant slide-threats.

Marine deposits, typified by the sand and clay beds of the Atlantic Coastal Plain,

are often the material of landslides. Small ones, sometimes serious in results, occur in

the eastern part of Virginia. The Marine deposits, clays and sands, of the valley of ihj

• See Howe, Landslides of Ihc San Juan Mountains, U.S.G.S. p. 45.
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St. Lawrence River, especially along some of its south flowing tributaries, have been the

material of many enormous and disastrous slides.

Wind-blown-sand accumulations originating mostly on present or ancient shore lines

are widely distributed in the United States. They are abundant on the Pacific Coast

and, on the Atlantic Coast, most strikingly in the Cape Hatteras, Long Island, and Cape

Cod regions. Serious slides and subsidences have occurred in such formations near the

coast in both northern and southern California. The Loess deposits of the valleys of the

Missouri and Mississippi Rivers, from a little south of St. Louis north and westward, are

in part wind-blown. Generally this formation stands up well and is not apt to slide.

But the writer has seen numerous .slides in it, in the states of Iowa and Missouri. The

adobes, which occupy great areas in our arid states, particularly in the southwest, and

which sometimes attain great thickness, are in part wind-blown. They are not apt to

slide, perhaps because of the absence of wet seasons.

Volcanic fragmental rocks (tuffs or ash) result from the comminution of rock by vol-

canic explosions. They are transported largely by air currents and may be deposited on

land or in water. Subsequent movements and redeposition may occur as a result of

water transportation. They may become part of a series of sedimentary formations, or

they may become buried by lava flows. In any given position they may become par-

tially or largely consolidated, and again become loose in texture and soft, through chemi-

cal decomposition. In any case they are likely to constitute a horizon of weakness. Many
remnant beds of this material occur in Colorado, Kansas, Nebraska, Montana, and other

western states. The tremendous landslide (a "Mud Flow") known as the Slumgullion

Flow, located near Lake City, Colorado, apparently consisted of some such material to-

gether with decomposition products of certain volcanic rocks, a material called Laterite

(a term too broad and inclusive as at present used). Slides, of this material probably,

occur in northern California. The writer has seen them in Mexico, between Guadalajara

and the Pacific Coast.

Talus is a term used for accumulations of fine, coarse, or mixed fragments and par-

ticles, fallen at or near the base of cliffs. Discussion of its origin belongs under the head-

ing Rock Falls (q.v.). Talus is as widespread in occurrence as are cliffs and very steep

slopes. It is sometimes mixed with glacial material or with that of old river-terraces or

both. Many avalanches which occur in mountain regions and the huge, tongue-like

"Rock Slides" of the San Juan Mountains described by Howe consist largely of talus

material. Slides in clayey talus beneath the bluffs bordering rivers are very common.

Examples are the innumerable and often disastrous slides along the Ohio River and its

tributaries, notably the Monongahela.

The frequency of landslides in Regolith materials is due to characteristics most of

which, as contributory causes, are obvious. Primarily the material is unconsolidated.

It is more or less porous and the coarser varieties have abundant open spaces for the

reception of water. If fine grained and compact, capillary properties lead to water

absorption. When wet they are, to some degree at least, lubricated. If saturated they

become increasingly unstable, through increased weight of the mass and lessened friction-

contacts from loss of effective-weight of individual units. The stability of masses of un-

consolidated earth-material varies with the shape and size of its particles. Adverse

characteristics are smallness, thinness, and roundness of individual units and increasing

abundance of such material. Highly rounded sand, either wet or dry, is much less stable

than angular sand. A very small amount of clayey material may lead to a slide of a

mass of rock fragments, large or small, if it is advantageously distributed throughout the

mass. These matters v/ill be further discussed under the heading "Causes".
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Unconsolidated Materials Intkrbeodei) with Solid Rocks or Underlvinc. Them

Materials of this class have the same origin as the transported formations discussed

above. They are geologically older than the "Marine" deposits classed as Sedentary.

They are often inter-bedded with thin layers of limestone or thick beds of that rock.

Sand beds, interspersed with clays, have become indurated into sandstones. Clays may
have become compressed, or partially indurated, until they are classed as shales. Collec-

tively, they have been elevated, folded and distorted, and eroded into all sorts of land

forms. The beds of hard rock have been more or less e.xtensively jointed, and water

moves freely through their joint planes. The more flexible clays and shales have been

jointed to some extent, but such joints have been largely self-healed. Consequent'y they

are mostly impervious to water. \'olcanic rocks may also overlie various types of uncon-

solidated material.

When any such series of rocks are exposed by erosion, as cliffs, bluffs, or steep moun-

tain slopes, soft material weathers out. and the undermined, (.verlying, hard rocks fall

or slide.

Aggregates of Special Mixerals

There are numerous minerals occurring in aggregates, or even in very thin seams,

which are exceedingly potent as slide producers. Among these are several varieties of

Serpentine. This is a hydrous magnesian silicate. It occurs in massive form and in

lamellar, foliated and fibrous forms.

Lamellar varieties are Antigorite and Williamsite. The varieties Marmolite and

Thermophillite occur in foliated form. Chry.<;otile is a common fibrous variety.

Serpentine is an alteration mineral derived from decomposition of rocks containing

original magnesian silicate minerals, one of the most common of which is Chrysolite,

often called Olivine. In its massive form serpentine (derived from certain volcanic rocks)

is usually much shattered; the fragments have a greasy, talc-like feel and are very slip-

pery, even when quite dry. The most serious slides resulting from minerals of this

group seen by the writer occurred in California and in central western Mexico. In the

former case the mineral involved was Antigorite associated in large quantities w^th frag-

ments of massive Serpentine. The Antigorite occurred in minute, whitish plates, very

thin, which resembled in appearance Kaolinite, but was much more talc-like in "feel".

When wet, it is most difficult to stabilize such a mass. Trouble in Mexico resulted from

the use of a serpentinized volcanic rock for fill material, because it was nearby and ac-

cessible to a steam-shovel.

Micaceous minerals, such as Muscovite, Chlorite and Sericite, when occurring in

quantity and in minute particles add to the instability of clays, silts and sands.

Among the worst offenders, because of both abundance and character, are the so-

called clay minerals—the Kaolin' group, and the Rcntonite' group. They are the

product of the alteration of other minerals, most commonly feldspars. They are all hy-

drous silicates of alumina. They have a strong "affinity" for water.

Ross and Shannon say that there are five "distinct" clay-minerals which are:— 1.

Montmorillonite, 2. Beidellite, 3. Micaceous halloysite, 4. Halloysite, and S. Kaolinite.

Kaolin minerals are:—Kaolinite, Dickite, and Nacrite.

'See The Kaolin Minerals, l>> C, S. Kdss and l'. I'. Kerr, Jr.. .\merican t'iriiii( .Society. Vi.I.

13 No. 3. March, 1930, also the Kaolin Mineral, Ross and Kerr. U. S. GeoloRical Survey. Pro-

fessional Paper, 165-E, 1931. Also The Clay Minerals and their Identity, by Ross and Kerr, Journal

of .Sedimentary Petrology, Vol. 1, No. 1, May 1931.

•See Mineral.s of Bentonite and Related Cl.iys and their Related Physical I'mperti.s hy Ross

and Shannon, American Ceramic Society, Vol. 9, No. 2, February. 1926.
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GEOLOGICAL STRUCTURES PROMOTING SLIDES

Geological strata assume inclined positions as a result of folding or upheaval. When

such dipping formations are cut through either by erosion or artificially, slides are likely

to occur on the exposed faces. The larger and more abundant of these will occur in the

strata dipping toward the cut or exposed face.

Similarly, slides take place where erosion or cuts leave steep faces in rocks which

contain joint systems, particularly where these dip toward an open face.

Dipping fault planes which emerge in bluffs, cliffs, or cuts, also cause slides, the more

important of which will take place on faces towards which the fault plane dips.

Among the metamorphic Rocks, the Mica Schists and some slaty formations, which

have fissile structures, cannot be cut into without danger of slides. These occur, natur-

ally, on the slippery, structural faces, when support is removed.

Slickensides, the polished faces of rock fragments and of the rock faces along fau^t

planes, are often factors in the occurrence of slides.

CAUSES OF LANDSLIDES

Landslide causes may be summarized as follows:

1. Gravity, primarily.

2. Earthquakes.

3. Water,—free, capillary.

4. Raising water-content through increase of supply.

5. Raising water-content by blocking natural-flow outlets.

6. Prevention of evaporation by blanketing with earth, cinders, etc.

7. Clay material.

8. Colloids.

9. Micaceous minerals.

10. Rounded sand and pebbles.

11. Slickensides.

12. Slippery surfaces of massive serpentine fragments.

13. Lamellar, etc., varieties of serpentine.

14. Removal of toe; natural or artificial.

15. Increase of load.

16. Dipping bedding planes.

17. Dipping joint planes.

18. Schistose and slaty structure.

19. Fault planes and zones.

20. Mud cracks.

21. Shrinkage of massive beds.

22. Chemical decomposition of volcanic rocks.

23. Temperature changes.

Under the general headings "Unconsolidated Materials" etc. and "Geological Struc-

tures Promoting Slides", something has been said in various paragraphs with reference

to causes. They will now be briefly and systematically discussed in the order in which

they appear in the foregoing tabulated statement. In most cases, slides result from a

combination of causes.

1. Gravity.—This universal cause needs no comment.

2. Earthquakes.—These often cause slides, some of them on a vast scale." They

are most effective if occurring after periods of rainfall.

'' F.ne examples of slides caused by earthquakes may be found in California, Central and South

America, India, Italy (and Sicily), Japan, etc. See reports of the Geological Surveys of India, and of

Japan; Commission for the Study of Great Disasters, Italian Government; similar Commission in

Switzerland; also, "Indian Earthquakes" by Sir Edwin H. Pascoe, Journal of the Royal Society of

Arts, Vol. LXXXII, No. 4247, April 1934. In the latter article, referring to the earthquake of 1897,

the author mjntirins enormous slides that resulted from it. He quotes Oldham as follows: "The high

sandstone hills facing the plains of western Sylhet. usually forest-clad from crest to foot, were stripped

bare, for an unbroken stretch of 20 miles." Whitman Cross says, in Ann. Report, U.S.G.S., (21st.),

1900, pp. 129-157, that earthquakes have been the initial causes of widespread landslides in Colorado.
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3. Water,—Free, Capillary.—Water acts mostly as a lubricant, but in loos: satur-

ated material its buoyant quality is also a factor in promoting instability. It aho adds

weight. Capillary water is a common cause in the case of very fine-grained materials.

Capillary water tends to rearrange the thin plates of clay-minerals into parallel scri;s. It

tends to swell clays, but on drying it causes shrinkage. Deep and wide cracks may occur

as a result. Closed, but definite joint planes may be formed (in clays) weakening the

structure. Open cracks admit large quantitie; of surface water during subsequent rains.

An explanation of the mechanics of such shrinkage was published by Dr. Charles Terzaghi,

(See Erdbaumechanik, 1925). He redescribes it in "Simplified Soil Tests and their Physi-

cal Significance", in Public Roads, Vol. 7, No. 8, 1926, pp. 156 and 157. There he states

"The mechanics of the process of shrinkage has been explained by the writer in his theory

of the capillary pressure in the following way." As a matter of fact the present writer

anticipated him in this matter by 27 years. The phenomenon is clearly explained, with

diagrams, in an article published in 1898.'" This article, cited below, discusse- Fcveral

matters of interest to engineers.

4. Raisikg Water-Content Through Increase of Supply.—More is meant by thi^

than the results of increased rain-fall. Water increase, to the extent of upsetting the sta-

bility of a given mass of unconsolidated material, may occur naturally; through enlarge-

ing channels by solution ; by physical removal of fine material, thereby enlarging an open-

ing; or by deposition of material, and consequent choking of flow channels and change of

flow directions. Changes in the direction of flow of surface water may be a factor, as

may also clay-cracks, referred to in a preceding paragraph.

5. Raising Water Content by Blocking Outlets.—This may occur naturally

through choking of outlets by deposition; and through settlement or slides, in uncon-

solidated material. It is too commonly effected through the placing of fills upon, or

against, natural spring outlets or planes of seepage during dry seasons, when seepage and

flow are suspended; subsequently, water penetrates the fill material, and the fil co lapses.

This may be accomplished also, by widening fills, after drainage channels have b.en es-

tablished in them, or by increasing load, with resulting settlement and the closing by

pressure of established drainage areas.

6. Prevention of Evaporation by Blanketing With E.\rth, Cinders, Etc.—Evap-

oration areas may remove enough water from a fill to maintain its stability. Such areas

may often be observed in dry weather, under a hot sun, as darker in color than the sur-

rounding mass. Close examination will reveal moist earth. To sod the side of a fill

revealing such areas, or to blanket it with a layer of cinders, may lead to a fill-slide.

7. Clay Material.—The clay minerals have been listed in a preceding paragraph.

Se2 page 1103. They promote instabihty and «lides, through their "affinity for water and

the shape and small size of their individual particles, as these occur after transportat'on

and deposition. These minerals are commonly microscopic in size, and as they have a

perfect basal cleavage they break up into minute, thin plates, and hence are exceedingly

capillary. Owing to shape and size they become very plastic, when wet, and lacking in

bearing power. Given any water supply they will become wet through capillarity. A
small amount of clay, properly distributed, can make a large mass of unconsolidat d ma-

terial unstable. Very thin layers of clay, when wet, may cause disasters where certain

geological structures exist. All so-called clays are not plastic. The exceptions may be

such because of molecular films of cementing silica or carbonate of lime.

'" I,TdH Oen-Te F.
—'^--i-.^.v-i pi ^rncna Kcsultin? from the Surface Tension of Water. The

American Geologist, Vol. XXII, Nov. 1898.
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8. Colloids. "^—Exceedingly fine grained clay i? classed as "colloidal". To that ex-

tent, only, can a colloidal condition be responsible for slides. Mineral colloidal gels are

chemically unstable, as occurring in nature, and are unlikely to be a cause of structural

instability of Regolith material.

Ostwald, (Fischer Trans.), in his Handbook of Colloid Chemistry, 2d ed. 1919, makes

the statement, "the plasticity of a clay is directly determined by the character and amcunt
of the colloid matter in the clay." This claim is too broad. As a matter of fact there

is a considerable range of plasticity, varying with the extent to which separation of

cleavage plates has taken place, in masses of Kaolinite which contain no material fine

enough to be classed as colloidal.

R. H. Bogue, in his Text Book on Colloidal Behavior, Vol. II, p. 474, says "It is the

colloid that gives plasticity to the soil when wet and hardness when dry." This is a

generalization which "takes in too much territory." As to the term "soil", that is ono

of the most abused words in technical literature.
'"

9. Micaceous Minerals.—Capillarity is much less in these than in the clay-minerals.

Nevertheless, as thin plates they move easily, one upon another. See preceding reference,

page 1103.

10. Rounded Sand and Pebbles.—These, especially the former, move easily. Slopes

of such materials are constantly being readjusted where toe-erosion occurs. Quicksand, in

the writer's opinion, is merely rounded sand, water-saturated. The theory, several times

published, that quicksand is sand in which a rising flow of water is taking place, is not

tenable. Rounded sand and pebbles in unconsolidated material containing some wet clay,

may be determining factors in slides whenever the mass is near the critical point of in-

stability. In engineering literature the word "sand" is commonly used as though there

were no differences in behavior among various classes, considered with reference to phy-

sical characteristics. Dry rounded sand will run through openings in a natural forma-

tion, as through the opening in an hour-glass. Such loose, rounded sand, surrounded by

areas of more or less indurated sand, will sometimes run and leave large air pockets in

the general mass.

11. Slickensides.—This term is sometimes applied to the rock faces along fault

planes, where slipping movement has highly polished them or, through heat and pressure,

has altered the minerals along the contacts into slippery, often fibrous types. Similarly,

rock fragments come to have such surfaces. The latter promote slides.

12 and 13. Serpentine and Its Varieties.—These have been adequately discussed

on page 1103.

14. Removal of Toe; Natural or Artieicial.—Obvious, but has its place in a list

of causes. It will be discussed under Control and Preventive Methods.

15. Increase of Load.—^This may be accomplished by natural processes, such as

increase of water-content, accumulations of snow and ice, and by slides and rock-falls

" Colloidal Matter of Clay and its Measurement, by Harrison Everett Ashley. U S. Geol. Survey.
Bui. 388, 1909, and by same author, Technical Control of the Colloidal Matter of Clay, U.S. Bureau
of Standards, 1913, Technologic Paper 23.

The Mineral Constituents of the Colloid Fraction of Soils, by J. A. Chucka, Jr., American Society
of Agronomy, Vol. 29, No. 6, June 1932.

The Chemical Nature of a Colloidal Clay, by Richard Bradfield, a Ph. D. dissertation Printed by
Ohio State University, 1922.

'- For accounts of attempts by engineers to alter physical characteristics of fine material, in
connection with dam-buildinR. see Engineering News-Record. V. 103, No. 14, Oct. 3. 1929,

—

A refer-
ence to the Alexander Dam. on the Hawaiian Is'and Kauai. See on same subject.—Engineering News-
Records of April 24, 1930, V. 104, No. 17, and May 22, 1930, V. 104, No. 21.

See also, "Present position on the theory of the coagulation of dilute clay suspensions", by E. W.
Russell, Jour. Agri. Sci. Vol. V. 22, pt. 1., Jan. 1933. p. 16S-99.
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(including talus-accumulations) from above. Slides arc sometimes produced artificially

by heaping material taken from a cut-side (in widening roadbed) onto the outer edge

of a half-fill. If such fill material is near the critical point of instability, car loads of

boulders dumped near the edge of fill, for use at base or on the fill-face, may cause a slide.

Increasing load may cause settlement and the closing by compression of established drain-

age areas. Then water accumulates and slide occurs.

16. Dipping Bedding Planes.—Where clay or shale beds are present, even as very

thin seams, they lead to slides in artificial cuts and those resulting from natural erosion.

The most serious slides occur on the sides where the beds dip towards the cut. They may
occur where the dip is of low degree. A section of this type of structure, with dip of

about 45°. is shown in Fig. 1. Slides of minor importance in volume, but often seiious

in results, occur on the opposite sides of cuts where the dip is into the face. See Fig. 2.

Fig. 1.—Diagram, illustrating, by cross-section, dipping beds of alternating hard and soft

material, which tend to slide, on bedding planes, toward the open face.

Fig. 2.—A diagrammatic cross-section of hard and soft strata showing how talus i-

formed. Occasionally, slides take place in the lower bed.s, in spite of the dip of bedding
planes being away from face. Joint planes help produce such slides. Sooner or later

the limestone-overhang will break off and slide or constitute a Rock Fall. That, too,

will be promoted by joint planes.

17. Dipping Joint Planes.—These are common causes of slides in cuts and on cro-

sional faces. For type of structure, see Fig. 3.

18. Schistose and Slaty Structures.—These provide slipping surfaces due to par-

allelism of micaceous and other minerals, and partings resulting from such arrangement

of mineral constitutents. Slides occur, as under lo, above. They are not common.

19. Fault Planes and Zones.—When dipping, and cut, (as 16, above), they lead,

not uncommonly, to slides. The faces of fault planes are usually more or less polished

and rendered slippery by slickenside surfaces (11, above). See Fig. 4. Fault zones, some-
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times many feet in width, are full of shattered rock which, together with s'ickens'd.s, pro-

duce unstable areas which result in slides.

20. Mud Cracks.—They admit surface water to clay masses. Deep cnes add in-

stability by breaking up horizontal adhesion.

21. Shrinkage of Massive Beds.- -Persistent shrinkage due to occasional droughts

may cause joint planes (analogous to mud cracks) in unconsolidated materials on the

sides of cuts, and become factors in slides.'"

Joint Planes-^

Fig. 3.—A diagrammatic cross-section showing a system of joint planes dipping toward
an open face. Along such planes .slides take place.

,--Fault Plane

Fig. 4.—A diagrammatic cross-section showing dipping fault plane, crossing beds of

sedimentary rocks. Slides occur when a cut removes support of beds resting against such
a fault plane.

22. Chemical Decomposition of Volcanic Rocks.—As a contributing cause of

slides this has been brought out and discussed by Ernest Howe, in his Landslides in the

San Juan mountains, page 45. Professional Paper 67, U.S.G.S.

23. Temperature Changes.—These lead to expansion and contraction of the rock

itself, and to structural weakness where water freezes in rock interstices and in joint planes

and other fracture seams.

In a majority of slides several "causes" are usually operative. Sometimes one cause

sets off a slide and becomes a contributing cause of other, nearby slides. Panama Canal

slides, for example, are attributable to: (a) bedding planes sloping toward the cut; (b)

faults; (c) joint planes; (d) enormous rainfall, and high water table; (e) removing sup-

port by artificial cut; (f) weak unconsolidated clayey and volcanic-tuff material; (g)

great load.

''See "Slide in Deep Cut Caused by Druusht", Enj^ineering News-Record, March 8, 1934, by Geo.
E. Ladd.

Footnote: In "The Cimarron Landslide", Proc. Colorado Sci. Soc, 1886, Cross states that "drought
cracks may have permitted surface waters to descend to lower portions of the otherwise impervious clays,
thus saturating certain layers and causing them to become naturally lubricated slipping planes." Ernest
Howe cites this statement in Landslides of the San Juan Mountains. The pertinence of it is now gen-
erally recognized.
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LANDSLIDE TYPES AND ILLUSTRATIVE CASES

Landslide types are discussed in the following paragraphs in accordance with the

writer's classification as tabulated on page 1099.

1. Flows.—This type of slide includes those which actually flow as semi-liquids

where clayey materials or volcanic ash or decomposition products become water-saturated

and there is freedom for movement. Large ones have occurred, enormous in volume.

From such sizes they grade down to the miniature class. They may occur through the

breaking out of a barrier by pressure, or the artificial or erosional removal of such a

barrier. They may occur also on slopes because of sudden saturation by heavy rainfall.

Minor flows occur, aided by "squeeze" from beneath heavy, overlying strata, often caus-

ing secondary slides. As a class they grade into true slides on one side and, on the other,

into mere transportation of material by running water.

Interesting border-line-flows are common where mesas are built on the lower flanks

of mountains. See notes (p. 1099) on destruction of Nisqually Glacier Bridge and "wash"

on flank of Mount Princeton, Colorado, and under 'Classifications", page 1098, Roberto

Almagia's Type 1.

One of the most disastrous wrecks in the history of American railroading resulted

from a miniature flow or wash onto a track at a highway crossing (country road).

a. Mud flows consisting of clay material.

Many true mud slides of great magnitude have occurred in the St. Lawrence and

Ottawa valleys, Canada. The material, geologically, is termed a marine clay. It consists

of clays, sands, and silts in varying proportions. Indurated borders, on valley flanks, dam
back underground water. When saturated, breaks occur and the w-et material flows away

with a rush. Summarized notes on many of these have been published by Ernest A.

Hodgson, in "The Marine Clays of Eastern Canada and their relation to Earthquake

Hazards", Jour. Astronomical Soc. of Canada, Vol. XXI, No. 7, 1927. He describes a

"flow" that occurred from farmland bordering the St. Maurice River. In the fall of

1924, an area 900 feet long and 400 feet wide to a depth of 40 feet, flowed down a ravine

and into the river. It left nearly vertical walls. The extreme original surface, with a

potato crop in it, being dry, subsided and was left behind to be salvaged by the farm

owner. On the other side of a thin wall (indurated) left by the flowing material, a sim'-

lar pit existed due to a former flow. That one was larger. Its depth was the same, 40

feet, but it covered an area of 40 acres. These two adjacent flows involved the removal

of 3,000,000 cubic yards of material. But this is a small amount compared with the

sUde, part flow and part structural, on a gently sloping base in an area near St. Alban

on the Riviere de la Perade, April 27, 1894. A calculation based on the area and average

depth of this slide, as given by LaFlamme (see Bibliography), indicates a movement of

150,000,000 cubic yards of material. The flow, on an inclined base, extended three and

one-half miles along the river, and had a maximum depth of 175 feet. Flows like these

present an interesting problem of prevention if, indeed, that is at all practicable.

A list of references to literature on the Canadian flows and allied s'ides may be

found in accompanying Bibliography, this paper.

On the 26th of March, 1933, a huge landslide occurred in the Andes mountains, Peru,

which destroyed the village of Charot and took a toll of 120 lives. C. W. Sutton de-

scribes it as one of many, and identifies it as a "Flow"."

'•Sutton. C W.. "Andean Mud .Slide Destroys Lives and Property", Engineering News-Record,
May 4, 19,5.?, pp. 562-3.
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b. Mud flows consisting of volcanic products.

An example of a mud flow consisting largely of volcanic products, and on a grand

scale, is that which formed Lake San Cristobal, Colorado, by damming a stream. It is

known as the Slumgullion Flow, and was first noted by Endlich, in 1879, and was more

recently examined by Johannsen and Cross. See Howe, op. cit. This flow extended down

the mountain a vertical distance of 2,600 feet, and reached a point six and three-quarters

miles from where it started. Its material was decomposed volcanic rock.

Many of the large slides of the Panama Canal belong to this class of flows. Atwood

and Mather'^ describe an interesting flow occurring in the "Montrose Quadrangle",

Colorado, which they named The Cimarron Mud Flow. It is two miles in length and

has a maximum width of one-half of a mile. It consisted of decomposed volcanic rock.

2. Slope Readjustments.—Slides belonging to this class are almost omnipresent geo-

graphically,—and in frequency they far exceed all other types. They have been through-

out geologic time important moulders of topographic form, moving down slopes in suc-

cession to streams which gradually remove their material. "Angles of repose" vary

greatly with the character of the material. A survey in a reasonably large area of uncon-

solidated materials will show a natural slope angle, closely approximated, at all points

where the material is about the same in character. Artificial cutting or natural eroson

into such slopes, especially near the toe, wDl result in slides and slope readjustment.

Following a slide lateral readjustments will occur. Increases in rainfall and seepage loca'ly

and larger clay content in places will lead to flatter slopes,

a. Soil accumulations,'* originating in situ.

These may consist of untransported products of decomposed igneous rocks or of

broken-down shale deposits (formerly transported material). Slides occur in them after

prolonged rainfall, or when support is removed by cuts or erosion. Small scale slides

of this kind are common in the Piedmont belt in the eastern states, south of New York.

In northern California (a region of heavy winter rains), shales, poss bly consisting

in part of volcanic ash, decompose extensively into arenaceous clays which s ide on a

large scale when cut into by railroads, highways, or streams. If treatment of them by

engineers is the removal of material at the toe, they usually spread and deepen rapidly.

One of the most interesting slides known is of this nature. It is at mile post 190.25

on the Northwestern Pacific Railroad. It originally discharged material into the Eel

River, along which the railroad was constructed. The north shoulder of the discharge-

gorge consists of indurated rock which has withstood the immense pressure of slide ma-

terial above for the twenty years or more, during which the railroad has been combatting

this slide, by drainage tunnels (which failed) and, mostly, by steam shovel removal at

the toe.

If this shoulder were to give way during a wet season it is probable that an im-

mense, swiftly moving slide would occur large enough to completely dam the Eel River.

This slide at the time of inspection by the writer (1929) was 2,700 feet in length,

and 1,700 feet in width at widest part. Vertically it had a fall of 758 feet. The narrow

discharge point at toe was less than 200 feet wide. A ridge across the slide near the cen-

tral part is characteristic. It may be considered the toe of a sub-slide which slumped

down from the upper half, the movement of which was checked by the dammed-up lower

half.

'* Atwood and Mather, Physiography and Quarternary Geology of the San Juan Mountains.
Colorado, U.S.G.S. Prof. Paper 166, 1932.

^* The Andean Mud Slides, classed thus because of their character, could have been classed here,

though less aptly, on the basis of the origin and nature of their material.
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Early writers described some of the slides in the San Juan mountains as "Rock

Glaciers", although Howe suggested that they originated in one or more huge rushes of

material. The Eel River slide is phenomenal in its similitude to a glacier. It has deep

fissures, valley walls, and lateral moraines. The Eel River has removed the fine material

and left great boulders of the slide's discharge in a manner resembling a terminal moraine.

Characteristics of slides of the type under discussion, except in the case of steep-

sloped rock talus, are: rough, hummocky surfaces with ridges which, in large slides, in-

dicate successive movements; cross-fissures (which heal in time, leaving only narrow, sur-

face depressions); deeper depressions, often extensive, which hold surface water; and,

where soft ground lies along the line of the toe of the slide, upheaved ridges parallel to

the toe. The latter are the result of shove and impact.

To Locating Engineers the observance of such signs is important. Where they exist

in a mass into which a cut is to be made, it is well to realize that slides will follow

and that investigations should be made to determine their probable extent and volume.

b. Talus accumulations.

These, especially in mountain regions or at the base of rocky bluffs, originating as

Rock Fall material, often appear to consist almost wholly of rock fragments. Even such

material is subject to slides when its slopes become too steep.

Where talus accumulates at the base of very steep slopes, fault escarpments, or

river bluffs, the rocks of which consist in part of soft strata, it makes ideal material

for slides, and its position (against a face of alternating hard, jointed rocks, and rela-

tively soft and impervious ones) is most favorable for receiving excess seepage from the

inner side. See Fig. 5.

Where shales are interbedded with sandstone or limestone the shale beds will be to a

great extent impervious to water, but the sandstones and limestones will be more or less

jointed. As a consequence water escaping from a face in such a series of rocks will

flow at the base of the hard, jointed rocks and along the top of shale beds. It do?s not,

of course, flow in a continuous sheet but emerges at various points as light or heavy

seepage and, occasionally, as a definite spring. Water falling from above upon talus ac-

cumulations does little harm. In many cases where it enters the talus mass from lateral

seepage it may pass through to be mostly evaporated at the surface, or may establish

channels through it and escape as a flow. Where it does neither of these things it will,

if in sufficient quantity, wet the mass and form a slide.

Fig. 6 illustrates the geological conditions described in the simple case of horizontal

strata against which talus material lies. Conditions are similar to those shown in Fig. S.

Seepages, originating as described above, often freeze in winter time as they emerge

on free faces and form, by accumulation, ice masses such as are illustrated in Fi'.'. 7. Thi^

is clear evidence of what may, in places, go on behind a talus mass under the conditions

described above.

The famous Pittsburgh, Pennsylvania, slide upon the tracks of the Pennsylvania Rail-

road and the slide on the then new yards of the C. C. C. & St. L. Railroad, just west of

Cincinnati, Ohio, were of this type but were exceptionally large. See Fig. 8.

The unconsolidated material bordering the Monongahcla and Ohio Rivers which con-

sists largely of decomposed shale mixed in places with glacial out-wash, and old river-

terrace debris, together with angular blocks of sandstone or limestone re.-t, normally, at

slopes of one and one-half to one. They are essentially talus formations. Slides occur

in the valleys of these rivers with very great frequency.

An account of the nature and origin of this type of slide occurring in West Virginia

and Ohio was published by the writer in Public Roads, 1Q27. The data therein applies,
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also, to most of the slides in southwestern Pennsylvania and northern and northeastern

Kentucky. This article should be consulted by the interested reader." A succeeding

article. Part 2, on Methods of Control of Such Slides was published in 1928.''

Harmless springs"!

or seepage poinfsj "--^^

Source
seepagi

oFsprings and 1 XA
5 that lead to slidesJ"Wi-~:

5.5. :

Fig. 5.—This cross-section shows the manner in which many types of talus are

formed. As exposed shales are weathered, sandstone beds (jointed) break off and mix
with clayey material. Slides occur in the latter. When the hard strata, above, are largely

undermined they may go down as a true slide rather than, little by little, drop as rock-
falls. Planes of water seepage are shown at bottom of hard jointed beds and on top of

the shales which are mostly impervious. Water from sandstone at top is usually but not
always harmless. That depends upon porosity of the talus mass.

Soil

Talus

s.s

_^^ .)•ih-4=r~r—^ /vtjter Seepaqc
d-i^i<> ' ^

,.- y • -A- ' • -r-- -
^-^Water Seepage

r ... . <^:'.C7:'-.-V)Z=:E7Shale^^^

Fig. 6.—A cross-section showing conditions similar to those in Fig. 5, except that

sliding talus mass is relatively thin. Thickness and extent should always be ascertained

before deciding upon a correct control method.

c. Beds of clay.

These vary in character almost infinitely. Any very fine material which contains

enough of the "clay minerals" to give the mass coherence or even a slight degree of plasti-

city when wet may be classed roughly as clays. Even the loess deposits of the north cen-

tral parts of the United States, especially in the valleys of the Missouri and Mississippi

1927.
Ladd, Geo. E., Landslides and their Relation to Highways, Public Roads, Vol. 8. No. 2, April,

Ladd, Geo. E., Landslides, etc., Public Roads, Vol. 9, No. 8, October, 1928.
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Rivers are termed clays although they consist largely of finely comminuted rork particles,

as a consequence of which slides in them are comparatively infrequent.

"Marine clays" are commonly interbedded with sands and often by themselves are

highly arenaceous. Under the subject "Flows" the slides in the Marine Clays of eastern

Canada have been briefly discussed. In that formation many extensive slides have also

occurred which do not belong in the class of "Flows". In the Atlantic Coastal Plain the

writer has seen numerous small slides, notably in eastern Virginia in some of the sandy

clays of this formation. The Cherry Hill, Virginia, slide which resulted in the wreck

of two railroad trains'" occurred also in what may be termed sandy clays of the Atlantic

Coastal Plain.

Fig. 7.—Where talus-debris lies against stratified rocks a common cause of slides is

.seepage that moves on top of shales and through or at the bottom of jointed sandstones
ami limestones. See p. 1111.

Similar formations are present in river deltas, "bottoms'-, and old terraces. They may
be found in the geologically young formations of the West Coast, in the beds and along

the shores of ancient lakes (long since evaporated), and in the vicinity of the Great

Lakes.

Some of the bluffs on these lakes consist in part of lacustrine days and sands and in

part of glacial material of a similar nature. The most serious slides in such formations

that the writer has seen have done extensive damage to residential property a few miles

north of Milwaukee. See Fig. 9.

In northern Wisconsin and at other points on Lake Superior a reddish, uncompacted

clay of glacio-Iacustrine origin occurs in great thickness. It slides with ease and has

caused much damage to highways and railroads.

'' I,;i<l(I. Ofo. K., KnuineprinK Xcw.s-Rpcord. .Miirch H. I'^M.
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A very great area north of Lake Erie consists of a grey, sandy, glacio-lacustnne clay

in which slides are very common on the sides of cuts and on the sides of river valleys

Deep gullies head into this formation and spread with amazing speed, a phenomenon

which will be discussed later. See the subjects "Undermined Strata" and "Methods of

Control and Prevention". See Fig. 12.
, • . u

At the close of the Ice Age sub-glacial streams poured into the seas, m which the

glacial ice terminated, first gravel and sands and then, further out, siliceous clays which

have become compacted and are known in our northeastern states as "bnck clays". In

such formations slides are very common in New York State.

Fig 9.-Not the result of an earthquake. It shows one of the steps by which sonie

of the bluffs above Lake Michigan, at Whitcfish Bay, retreat. Glac.o-acustrme clays

and sands" interbedded, provide water and enable the lower slope to ^^^ -^ -d th

too to subside, and, later, move toward the lake as part of a slide The author sug

gested for this ;erious condition, what he calls "Vertical-Plane Drainage". See Fig. 22 and

23 for illustration of method, and text, pp. 113G and 1142.

On the Erie Railroad near Susquehanna, Pa., a serious slide occurred a few years

ago where a deep and long cut had been made in a glacial-clay bed for yard purposes,

structures, and for equipment for coaling locomotives and supplying them with water

and sand. Trackage ascending by a long grade for delivery of coal to hoppers and some

costly structures were threatened. More or less movement took place for a distance

of 1 800 feet along the railroad. Some cribbing was destroyed and extensive destruction
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seemed imminent. This slide will be further discussed under the subject "Control and

Preventive Methods".

d. Sand accumulations.

Slides in sand accumulations are rare. The writer has seen them impinging on high-

ways at coastal points in northern California. This was due to slope changes dur'ns; the

rainy season. Their slope faces were driven back by hydraulicing. This was followrd by

cutting (by the same process) deep ravines into the mass of sand, the result of which

was a gentle, stable slope. Slides in sand formations, originally dunes, have been recorded

in Japan.""

Fig. 10.—Something had to be done with the slide in glacial material shown in this

view. It is located in a suburb of a New York city. Sub-surface and "aerial" French

drains, much sheet piling, and a low retaining wall (built later in foreground), were tried.

There is great difference between the behavior of sharp sand and of rounded sand.

The former occurs in mountain regions and in glaciated areas, notably in New England.

Rounded sands are omnipresent in the Regolith wherever the materials have been trans-

ported. Scattered in clays and silts they add to instability. Occurring in beds they flow

readily or are squeezed out by overlying burdens, especially at the base of open faces, and

produce slides and subsidences. When perfectly dry, rounded sand flows readily. The

writer once discovered a high, arched chamber over ten feet in diameter the top of which

was twenty feet beneath a railroad track. This resulted from the outpouring of dry,

rounded sand through a gopher hole which had penetrated a slightly indurated surface on

the slope of the sand mass.

-" Imperial Geological Survey of Japan, Report No. 100, Tokyo, 1928.
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e. Heterogeneous glacial debris.

Many slides have occurred in our uo.-tcin mountains in llic dcliri- i [ mountain

glaciers. In continental glacial products in the United States slides are most common in

New York State. See Fig. 10. In Vermont slides have occurred in very coarse morainal

material.

Given enough rainfall moraines made up of the coarsest boulders will slide, if they

are more or less mixed with boulder clay (fine rock powder) and a little real clay. Some
of the greatest of such slides occurred in New Hampshire, in the month of August, 1826.

These slides were in the White Mountains, on both sides of the Saco River. Lyell,"' after

an article in Silliman's Journal,^' describes these slides as appalling. He says that "One
of these moving masses was found to have slid three miles, with an average width of a

quarter of a mile."

In New York and Vermont extensive strata of shale are common; hence in those

states much clayey material was worked into glacial debris. Slides of this type do not

occur in New Hampshire, Maine, Massachusetts, and Connecticut except, rarely, in moun-
tain districts on steep slopes.

In the years 19,U and 1932 there were numerous accounts of disastrous slides, one

said to involve 1,000,000 cubic yards, in the district of Lyon, France. They c.used great

destruction and large loss of life. In one of them General Robert H. Dunlap of the U. S.

Marines was killed. Some of these slides consist, in large part, of glacial detri-. ' To
this is added old river terraces consisting to a great extent of rearranged, or assorted,

glacial material.

f. Unconsolidated volcanic products.

Slides in this material are common wherever it exists. Howe, op. cit., refers to them
as occurring in the San Juan mountains. Some of the slides of northern California are

doubtless in such material. The partially serpentinized rocks in which an enormous mass

of slides exist (sixteen miles and more in length with a maximum width of a mile and a

half) on the Russian River are, more or less, volcanic in origin.

The writer has seen, near the west coast of Mexico and about due west of Guadala-

jara, extensive slopes miles in length covered with the ridges and depressions of slides

which occur during the rainy season. They are in decomposed volcanic rocks.

Some of the Panama Canal slides occurred largely in unconsolidated volcanics mixed

more or less with argillaceous material.

g. Aggregates of shattered serpentine, etc.

Slides occur in this material because of the smooth slippery surfaces characteristics

of serpentine fragments and because the clay-like minerals of the serpentine group are

as water-absorbent, slippery, and unstable as are pure clays. Two outstanding cases have

been observed by the writer. One is the case of a very large half-fill on a mountain side

on the Southern Pacific Railroad of Mexico. This fill settled and spread for years, push-

ing and moving earth (and a small irrigation reservoir) for a distance of two thousand

feet. It was constructed of local serpentinized rock, many of the fragments of which

have faces as smooth as talc.

The other case occurred in northern California on a highway where a high fill

reached down to a bank of the Sacramento River. The material of this fill was a mix-

ture of pure serpentine fragments and the clay-like serpentine mineral known as Anli-

gorite. Conditions were aggravated here by heavy seepage from the mountain side.

"' Lyell, -Sir Charles. Principles of Geology, Vol. I, pp .H6-8.
"Sillman's Journal. Vol. XV. No. 2. p. 216: Jan. 1829: Ibid. Vol. XXXIV, p. 115.
"'See Landslide in the Rhone \'allev, .Sritnce News Service, Science (Supnlemrnt. pa«c ,S ) \',i|

75. No. 1951. May 20, 1932.
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h. Artificial fills and half-fills, etc., made of earth materials other than boulders

and gravels.

Cinders have not been included with boulders and gravel as exempt from slid'ng, first

because they can hardly be, classed as "earth material" and second, b.:caus2 seme classes

of them break down when wet into very fine material which delights in sliding.

On the whole most railway and highway engineers have more trouble with the partial

or complete collapse of fills than all other classes of earth movement. On highways th.re

are thousands of cases of impaired pavements and expensive repairs. On railroads fil;

are often for periods of years causes of excess maintenance costs. Fill slides are mostly

small in volume but the "departure" of a few feet of fill can wreck a train as eff;ct-vely

as half a cubic mile of mountain-side lying on a track.

Although systematic track inspection and "slow-orders" during wet weath:r reduce

the number of train accidents resulting from fill failures to a great degree, the sum of

disasters due to them is great. A large percentage of these are attributed to wash-outs

which, often, are only contributing factors and are associated with slide-collapse of wet

fill material. Dry fill masses will stand a lot of toe erosion and still, for a time, support

the passage of a train.

The subject of protection of fills from collapse and from erosion by a rush of water

due to unexpectedly (!) heavy rainfall, is a matter that should have more serious atten-

tion by railway engineers. A study of the wholesale destruction of fills on tha Southen

Railway in 1916,"* should convince any thoughtful engineer of the truth of this state-

ment. Often it is not an adequate defense to say that they were caused by unprecedented

floods and excessive rainfall, nor true, always, that it was all a matter of ercsicn. Fills

that have been stable for, a long period of years may "go- out" suddenly on an average

rainy day. Note the case of the wreck of a passenger train in Georgia, by the collapse

of a fill that had been perfectly stable for years ;^ also the case of a passenger-tr^in

wreck illustrated in Fig. 11. At Morado, Pa., one side of a huge fill slid out, unasso-

ciated with especially bad weather conditions, taking with it, or dislocating, three tracks

of the Pennsylvania Railroad. This and other cases will be further considered under the

subject of Control and Prevention.

The causes of fill-slides are: poor material, accessibility to water (capillary or sur-

face) especially rain water running beneath ballast and, perhaps, a base of soft, wet

ground.

3. Undermined Strata.—This subject excludes cases belonging clsar'y to subsidences

and of undermining by erosion where it leads solely to rock falls and talus accumulation.

a. Collapse with slide characteristics resulting from squeezing out of underlying wet,

clayey beds, or the escape of underlying rounded-sand beds.

Many of the slides in eastern Canada which have been discussed above are caused

primarily by the "run-out" (sometimes on a slightly inclined base) of clayey sand, or of

rounded, saturated sand beds. Often huge blocks of relatively dry material move for a

considerable distance with and upon such out-flows. In one case a group of farm build-

ings was transported a considerable distance and left intact. A well on the property was

undrained.™ In another, a hill of five acres in extent was moved a distance of 450 feet

with no disturbance to a growth of trees upon it.

The numerous slides and indentation-runs in an extensive region north of Lake Erie

originate characteristically by initial squeeze-flows. See Fig. 12.

^ See Floods of July, 1916. on the Southern Railway. Edited by J. C. Williams, Asst. to the Presi-

dent. Also some of the reports of accidents, by the Bureau of Safety, I.C.C.
^ Report of the Director of the Bureau nf Safety, LC.C. in re. Investigation of an Accident which

occurred at Chalybeate Springs, Georgia, on March 15, 1929. (1508)
-"See Hodgson, E, A., Marine Clays of Eastern Canada and his bibliography. Journal of the Royal

Astron. Soc. of Canada, September, 1927.
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study of his text and diagrams leads to the conclusion that the theory of cause in this case

is erroneous. Insofar as "Erosion" was a factor it was under water, not "underground".

What apparently happened was,—a combination of flow and squeeze of the underlying

"permeable stratum". The river's action was to remove this material as it flowed out

under pressure and permit the process to continue until undermining started the collapse.

After that the process was progressive.

Slides from alluvial plains due to river erosion are best exemplified, on a grand scale,

along the course of the Amazon River. Lyell calls attention to this, and quotes Bate.^"'

who graphically described large slides of this type. The latter wrote: "I supposed it to

be an earthquake, for, although the night was breathlessly calm, the broad river was much

agitated, and the vessel rolled heavily. Soon after another loud explosion took place,

followed by others, which lasted for an hour, until day dawned. Then we saw the work

of destruction going forward. Large masses of forest, including trees of colossal size,

probably two hundred feet in height, were rocking to and fro, and falling licadlong into

the river. After each avalanche the waves caused the fall of other masses by undermining.

The concussion in one place caused other masses to give way, a long distance from it, and

thus the crashes continued."

b. Collapse with slide characteristics—due to breaking down of underlying weak

strata.

Slides of this type are confined largely to mountain areas. Some of the Panama

Canal slides are of this type. Cases have been described by Cross, Howe, and Atwood

and Mather, cited above. The following quotations from Atwood and Mather describe

this type. "The bedded volcanics rested on Mancos shale which gave way under their

superincumbent load permitting a large block of the volcanics to slip about 1,000 feet

vertically." Again "The soft shale gives away under the heavy load of the massive sand-

stones and one huge mass after another slips down the hillside."

As pointed out by Howe, "None of the soft or incompetent formations have figund

so prominently in landslide action as the Mancos formation, a soft, friable clay shale

aggregating about 1,200 feet in thickness. Wherever it is exposed beneath comparatively

resistant rock, sHdes are commonly found." "Among the massive strata that have parti-

cipated in such landslides the bedded volcanic rocks are the most common. The entire

zone in which tuffs and lava sheets rest upon Mancos shale—is characterized by numerous

and extensive slides."

"Second in volume of materials moved are the landslides in which relatively soft or

partly consolidated tuff or volcanic agglomeration has failed to support an overburden of

massive lava."

c. Collapse with slide characteristics due to burning of underlying peat beds.

Slides of this type are, of course, rare. In a report"'"' to the Acting Director of tlie

Geological Survey of Canada, by C. Camsell, on the Peel River (1906) the author de-

scribes landslides of large proportions which originate through the burning out of peat

beds, and the precipitation of landslides by undermining glacial deposits. The following

quotations from this report are of interest. "For nearly a mile along the bank the lignite

has been burnt away and has so undermined the overlying glacial drift as to cause large

landslides. One had recently occurred and thrown a mass of material half way across

the stream." "It seems that the burning of the numerous lignite beds in this section

and the consequent sliding down of overlying material, is accountable in some measure

for the great width of the valley here."

'•* Bates, "Naturalist on the Amazons", Vol. II. p. 172, 1863.
*• Camsell, C, Peel River and Tributaries,—Yukon and Mackenzie. Annual Report, Geolosicai Sur-

vey of Canada, Vol. XVI, Part CC, pages 30-31, 1904. (Letter of transmittal is dated March 1906)
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4. Structural Slides.—This type of slide includes, primarily, all those whose move-

ment is upon definite, pre-existing structural planes. Secondarily, it includes those small

slides which, in open faces, drop out from beneath bedding or fault planes where the

dip is into the face. The latter is a small class. The conditions which determine the two

varieties, major and minor in importance, are illustrated, for the former by Fig. 1, for

the latter by Fig. 2. Fig. 1 shows diagrammatically an alternating series of sandstones and

shales which dip toward an open face. The dip may vary from very low to very steep.

Cuts made into such structures, whether the dip be great or slight, are almost certain to

produce slides on the face toward which the dip trends. Many great slides from hi^h

mountains are due to natural erosion into dipping strata.

Fig. 3 shows a similar structure and like dangerous conditions due in this case to joint

planes dipping toward an open face. It also shows steeply dipping beds, which, if cut

into, produce slides.

Fig. 13.—Site of a Bedding-plane slide, in California.

Fig. 2 illustrates a case of the minor type (local), where beds dip into the face and

a massive, hard rock-bed is sustained by its inherent strength, while softer, jointed, or

thin beds either slide out or weather gradually and drop in fragments and form talus.

In the case of cuts, even little slides should be considered dangerous. Near a rail-

road track the possibility of miniature slides cannot, wisely, be ignored. A minute wash-

slide has wrecked a passenger train. The train wrecks at Cherry Hill, Va., were caused

by the extreme tip of a very small slide. A train has been wrecked by a little dirt left

by workmen on a crossing. A bit of wind blown sand wrecked a train, on the Southern

Pacific. Many trains have been wrecked by the fall of single boulders, either upon a

track or against a roadbed.
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a. Dipping bedding planes. (See Fig. 13.)

Some of the Panama Canal slides^" have been classed among those moving upon dip-

ping bedding planes. Atwood and Mather say that the Elk Creek and Cow Creek slides

in the San Juan mountains were movements of this kind. "The disturbed strata dip in

the direction of the Valley." A few of the great slides of the Quebec District, Canada, and

the great Gros Ventre Slide, Wyoming, 1925 (not the "Gros Ventre" slide of 1908-9),

were of this type. Clear cut bedding-plane slides have occurred in the suburbs of Cum-

berland, Md., and near that city, in West Virginia, where the Western Maryland Railroad

crosses the Potomac River and enters a tunnel below the slide area. These slides have

been described and illustrated by the writer in Public Roads, Vol. 8, No. 2, April, 1927,

page 31, illustrations page 29.

In connection with the driving of a double track tunnel, known as the Sand Patch

Tunnel, on the Pittsburgh Division of the Baltimore & Ohio Railroad, an approach cut

was being excavated, 3000 feet in length with a maximum depth of 90 feet, which started

an enormous slide. The cut was through beds of sandstone interspersed with beds and

seams of shale which dipped IS to 20 degrees from the up-slope toward the excavation.

The slide occurred during a period of heavy rains which penetrated and softened the clay-

shales. This was considered, and of course was, a great disaster and the cause of great

and unforeseen expense. "Well, what could you expect from such terrible weather?" The

weather got more blame than the geological structure, from many commentators. As a

matter of fact, under existing circumstances, it was good fortune for the railroad com-

pany that the slide occurred before completion of the work and before the line was

opened to traffic. Heavy rains were certain to come sooner or later; and, later, there

would have been greater loss and, possibly, train wreck. Without adequate preventive

measures before and during excavation the slide was inevitable when set-off by the right

weather conditions. An interesting, illustrated account of this slide was published in En-

gineering Record.^'

The movement of the Gros Ventre slide (June 23, 1925) was definitely down dipping

bedding planes—18 to 21 degrees. Moving material was one and one half miles in length.

Its top was 2200 feet, vertically, above a branch of the Snake River, which it reached

and crossed. It filled the river for one and one half miles of its course with a dam hav-

ing a top-width of 1000 feet and an average depth of 180 feet. Slide material was forced

up the base of the mountain across the river to a height of 225 feet. The volume of this

slide is estimated by Alden as having been 50,000,000 cubic yards. For geological struc-

tural conditions at this slide see Fig. 14. For literature on this slide see Alden,'' and

Emerson.'' For an account of an earlier, different-type Gros Ventre slide, see Black-

welder.'*

"" In spite of all the interesting literature about the slides of the Panama Canal there is a great

dearth of matter based on a good analysis of causes. In this connection Whitman Cross in his intro-

duction to a "Historical Sketch of the Slides of Gaillard Cut", in Memoirs Nat. Acad, of Science, Vol.

XVIII, makes the following statement:— 'A complete description of these earth and rock movements,
with a discussion of attendant conditions and the character of the phenomena would be of great scien-

tific interest, and of much practical value to the engineering profession. Unfortunately the data for a

satisfactory account of the slides do not exist. The movements have been observed principally by en-
gineers, whose measure of their importance under the dominating ambition to accomplish a gigantic task
in an allotted time, has been the degree of inconvenience, delay, and expense caused by the slides.

There are, in consequence, few records of the nature of the slides, or discriptive notes of their progress,

available for a proper scientific study."
•'" Eng. Record, Vol. 64, No. 24, Dec. 9, 1911. p. 672 et seq.

^- Alden, Wm. C, Landslide and flood at Gros Ventre, Wyoming. Tech. Pub. No. 140. Class I.

Mining Geology, No. 17, Am. Inst. Min. and Met. Eng.
^Emerson. Frank B., Gros Ventre Slide, Eng. News-Record, Sept. 17. 1925. pp. 467-8.
" Blackwelder, Eliot, The Gros Ventre Slide—An Active Earth Flow. Bui. Geol. Soc. of Am.,

1912, 23, 487.
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The great slide from the mountain of Rossberg into the Goldau valley, in 1806, which
buried a square mile of fertile land, and four villages, was clearly a slide on a bedding

plane. Beds of steeply dipping hard sandstones and conglomerates, the dip being toward
the valley, slid upon a water-saturated bed of loose sandy material.

On the coast of Devonshire, England, between Lyme Regis and A.xmouth, an extra-

ordinary landslide occurred, December 24th, 1839. This was described by Conybeare and
Buckland, (see Bib.), as extending along the coast for three quarters of a mile, and hav-
ing a width of 240 feet and a depth of 100 to ISO feet. Elsewhere in this paper the writer

has called attention to ridges thrust up in front of slides wherever the material beneath

the toe and in advance of it was soft and, especially, wet. In this case the writers state

that a reef was thrust up, off shore, 40 feet in height, and more than a mile in length.

The geological formations here dip gently toward the sea. The movement took place

on a bed of clay.

5pur oF

5 sneep Mt
^r—,,„^ AboyHli Miles

_ iajke Level _ ^f^^r^T

Fig. 14.—Geological section of strata at location of the great bedding-plane slide,

into Gros Ventre River, Wyoming, June 23, 1925. After W. C. Alden. See pp. 1093,
1098 and 1122.

b. Joint planes.'^

Joint planes facilitate or start slides in so-called solid rocks, both bedded and igneous.

In zones of rupture due to bending and folding, or those of shearing, they may be very

abundant and reduce the mass to an aggregate of angular fragments or blocks. To cause

a slide, they need not be numerous if they occur in parallel series and dip toward an open

face. In such cases they form sliding planes. In most rocks, large or small parts S2p-

arated by joint planes do not have slippery surfaces. Therefore, to engender s'ides, they

need to dip more steeply than do beds where wetted clays or shales are involved. In any

event they cause zones of weakness and make rupture of stratified rocks or igneous beds

and masses easy.

They also promote slides by admitting water to underlying slippery rocks, and some-

times by destroying stability through holding it to freeze, expand and shove. Except in

the form of mud cracks and rare drought-cracks, they are not factors in slides of un-

consolidated material. They are, however, factors in the production of talus. Directly

and indirectly they are factors in nearly all slides, even flows.

Howe, in Landslides of the San Juan Mountains, says,
—"Other conditions of physi-

cal weakness that have played important parts in the occurrence of landslides in regions

of both volcanic and sedimentary rocks, are those of an extensive primary jointing and

secondary shattering."

'•'•See useful diagrams pp. 56-S7, Civil Eng.-GfoloKy, by Cyril S. Fox, London, 1923.
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The relations between a huge slide of "solid" rock and geological structure in which

joint planes played a crucial part, are most interestingly brought out by a study of the

conditions pertaining to the great slide of the crest of Turtle Mountain, at Frank, Al-

berta, Canada, in the early morning of April 29th, 1903.'* It has been classified follow-

ing Hein, (1882), as a case of Bergsturz (Rock Fall). See his classification, page 1096.

About 41,000,000 cubic yards of limestone were involved in this slide which killed 70

people, and by great fortune, just touched the outskirts of the town of Frank.

Pnlopo7oic Limestones Cretaceous, Shales 4100 above Sea Level -,' ^--Old Surface
ruiucu^uii-

^i^jj Sandstones

Scale E inches •> mile

Fig. is.—Cross-section of Turtle Mountain and the Great "Frank, Alberta, slide". 1903.

After McConnell and Brock. See pp. 1124 and 112S.

Studies of this slide have led to the conclusion that it was "due to a combination of

causes", which is true of most slides, but in this case strikingly so. Two problems re-

main: First, what was the principal cause? Second, what "severed the last thread and

precipitated the unbalanced mass?" Important considerations, for the engineer, lie in the

question of causes of this slide. Attention of the reader is called to Fig. IS, reproduced

from the report of McConnell and Brock, Note that the original contour of the face of

the mountain is unknown.

From the report of these investigators we are able to enumerate possible causes as

follows:

a. Primary form and structure of Turtle Mountain.

b. Unstable equilibrium due to a weak base and thorough traversing of the mass by
fissures and joint planes ( !)

c. Water and frost in joint planes (!) continually working at removal, one by one,

of supports.

d. Heavy precipitation of "the last few years".

e. Recent (?) earthquake tremors.

f. Coal-mining operations at base of mountain.

g. Heavy frost night before the slide (zero temperature) following summer-like days.

The writers, referred to above, are correct in stating that the slide was due to a com-

bination of causes cumulative in effect. But, if one goes into origins far enough back,

still other "causes" might be enumerated.

^^ It is not easy to And the original publi-hed account of this slide, made by McConnell and Brock.

because of apparent errors in "references". Publication of the report of these investigators seems al-

ways to have been attributed to the Canadian Geological Survey. McConnell & Brock were members
of that organization, but they were asked to make the study by the Canadian Superintendent of Mines,
Department of the Interior. The report has been published for a certainty as a separate, with front

page reading as follows: "Department of the Interior. Dominion of Canada. Report on the Great Land-
slide at Frank, Alta., 1903. Extract from Part VIII. Annual Report. 1903, Ottawa, Govt. Printing

Bureau, 1904". The writer has been unable to find it in the Canadian Geological Survey's annual report

of that year (1903).
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It is my opinion that the coal-mining operations may be considered as being without

guilt. The only seismic disturbance of record at that time, was at Toronto, six hours

before the slide. This was far away, and the "center" was not determined. No one at

Frank was conscious of any earth tremor that night. The quake (severe) of 1901, cen-

tered in the Aleutian Islands. It happened two years before the slide occurred. If re-

lated to this slide, its influence was so remote in time as to be, if anything, merely a his-

torical step toward the ultimate crash. The other causes listed may be considered as

contributory. The major cause was joint planes! This, the writer's conclusion, is sup-

ported by the Statement of McConnell and Brock, (op. cit. p. 6),
—"The fissures opened

by the slide follow the jointing planes, as a rule, but often break across from one set

to another."

As to what finally touched-off this slide, there is room for conjecture, and this leads

to a thought that may be most important to an engineer dealing with ground that has

been moving, or which shows signs (like cracks") of being about to move. It is the idea

of the critical point with reference to stability. Previous to the break, anyone familiar

with landslides, looking up the face of Turtle mountain at the rapidly steepening slope,

and knowing of the joint planes across the limestone beds of which it was composed,

would have seen the possibilities of a slide there. But he would not have known how

far the safety factor lay above the critical point. It might have been even then, barely

above it. The "last straw" would produce a slide. In all probability th's "straw" was

the severe cold of that early morning (the slide occurred at dawn). It must have frozen

water in the crevices more deeply than before; and this followed recent weakening of

support, by other freezings. The final cause may have been merely minute shrinkage of

the rock itself, due to zero weather following a warm period.^'

When control or prevention measures are necessary and where they arc poss ble, seem-

ingly little things cannot be ignored. A certain last drop of water starts a slide (of many

types), and as for increasing load,—it is a final grain of sand, to use an ancient joke, that

tips the grocer's scales.

One other interesting case is offered as evidence, the writer thinks, of the influence

of joint planes, in promoting landslides.

The "great" Elm slide, in Canton Glarus, Switzerland, occurred in September, 1881.

It buried the village from which it gets its name. It is another case of the breaking cf

an enormous mass of rock from a mountain, and, significantly, has been referred to by

Howe as similar in character to the slide off Turtle Mountain, at Frank, Alberta, (see

description above).

In both cases the "break" occurred across bedding planes, not along them. In the

case of the Elm slide support had been impaired by quarrying operations at the base of

the mountain, which left an overhang. Yet it is highly improbable that the break would

have taken place if the overhead strata had been solid and continuous, structurally. We
know, first, that strata upheaved into mountains are always jointed, and, second, it is

impossible to postulate this slide as occurring without the essential help of joint planes.

It is, however, not necessary for them to have dipped in a particular direction. The

necessity, in reason, is that they were there, and in abundance.

Finally, in "Engineering Problems of Panama Canal", page 34, MacDonald make? thp

following statement: "These dikes were large and for a year or more held back the

sliding material. However, when the cut had been brought to final depth, the accumu-

lated stresses of the material caused them to shear off at points where they had be?n

greatly weakened by joint planes. This gave a renewed activity to the Cucuracha slide

that brought down into the canal 1,000,000 cubic yards of material."

" .*^e(' No. 2.5, List of caii.ses, page 1104.
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c. Fault planes.

The term "fault planes" is applied to the more or less approximate planes of fracture

in the earth's crust, along which there has been differential movement. The faces of rock

along such "planes" are often polished and, where a zone of fracturing occurred, innumer-

able rock fragments were produced, often with polished or slickenside surfaces.

Slides may occur upon dipping fault surfaces just as they do along dipping bedding

planes. Slides due to faults are relatively rare.

In Memoirs of the National Academy of Science, MacDonald, (cited), says "The

many vertical movements of the Isthmian land mass, and differential stresses, have caused

numerous faults . . . and where these shear zones trend across the canal, they are

weakening factors in the slopes and help to promote slides."

Atwood and Mather, op. cit., state on page 160,
—"In certain localities prominent

fault systems have doubtless had to do with landslide action, either directly by affording

convenient planes of cleavage or of slipping, or indirectly by their influencs upon th?

topography and stratigraphy".

An instructive paper entitled "The Opening-Cut of Cofton Tunnel, London Midland

and Scottish Railway",^"* recounts serious troubles that were experienced during the wo:k
because of slides ("slips") which were associated with faults. "These nccessi at:d costly

remedial and preventive works." "The geological structure of the ground played an im-

portant part in the work . . . causing the various slips which were an outstanding

feature of the excavations." The numerous references to slides in this article are of special

interest because they tell of many slides, which took place both upon and from under

fault planes. The latter are termed "hanging wall slips". Diagrams illustrative of both

types are printed on pages 184 and 185. In the "Discussion" (Dr. T. Robertson, page

190) the importance of geological studies in connection with many engineering prob'ems,

is emphasized.^''

On a stretch of coast in Southern California extending from Honda, north of Point

Pedernales, south and east to Irma, near Santa Barbara, the principal geological forma-

tion consists of an arenaceous shale, bent and tilted sharply to the south. On the up-

turned edges of this, the Southern Pacific Railroad Company has tracks that follow the

shore line closely. Much of the way they are two to three hundred feet, or more, above

the beaches which lie against the bases of the sharply dipping slopes of this shale. A ong

this whole front the engineers of the company have long had to combat serious land-

slides resulting from sea erosion which cut into the base of "dipping strata". Th^ m:st

serious of these slides, however, took place where the shale was heavily shatttred by fault

planes. In a few cases masses of shale slid out on definite fault planes.

Davis,^" discussing "faults" in the Basin Range? says, "Another physiographic feat -re

that gives some variety to Basin Ranges is the occurrence of landslide? on their fault

fronts, as Russell years ago showed for some of the youngest ranges in the northwestern

part of the Basin and Range Province. A large slide stretches several miles along and

^^ McCallum, Robert Towson, Minutes of Proceedings of The Institution of Civil Engineers. Vol. 231.
1930-31. Pt. 7. pp. 161-200.

^^ "The excavation of many cuttings was plain sailing, but there were others, like the one at roftun.
in which it was necessary to collect and apply the geological evidence as it bec.ime available. Only thu
could it be learned from the rocks themselves how they should be treated. Rocks being excavated in

engineering works might be considered as engineering materials, and the engineer knew how important it

was to be fully cognizant of the character of the material with which he was working. The records of

the Geological Survey showed conclusively that closer cooperation between the geologi'^t and the engineer
would be greatly to the advantage of both, and it was a pity that there was no very direct way in which
geologists could be kept informed of the progress of important excavations. Such information would
teach them more about the rocks themselves, and so enable them to anticipate their behavior more pre-
cisely; it would also assist in engineering operations." The Engineering News-Record has given editorial
expression to the same thought.

*" Davis, Wm. Morris, "Basin Range Types", Science; Vol. 76, No. 1968, September 16, 1932,
pp. 244-5.
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forward from the front of the Canyon Range, 70 miles southwest of Salt Lake City",

and again, on the same subject, "What I have taken to be a much younger slide in the

northern part of the Wasatch Range 70 miles north of Salt Lake City has left a manifest

cavity in the range front and has heaved up the Piedmont alluvium in broad swells,

little dissected."

Some of the slides that took place at San Pedro, southern California, a few years

ago, were on, and from under, a fault plane. Others were the result of the undermining

of a shale formation by sea waves.

d. Schistose and slaty planes.

Planes that develop in the metamorphic rocks belonging to the schist-slate type are

not related to bedding planes. Indeed, they may cross what remains of bedding planes,

at any angle. They are really cleavage planes, actually developed or incipient. When
fine grained sediments have been subjected to heat and intense pressure, some changes

take place in their mineral content, but the most important development is a rearrange-

ment of minerals with their longer axes perpendicular to the direction of the pressure.

Micaceous plates are then in parallel series. The result, altogether, is planal weakness

of structure in the rock, and a tendency to split, almost indefinitely. Such planes may
lie in any position. It follows, therefore, that cutting into rocks of this kind, where they

dip toward you, is likely to produce a rock slide, just as happens so often in the case of

dipping bedding-planes in sedimentary rocks.

Among schistose and slaty rocks, phyllite, closely related to slate, is more often in-

volved in slides, of record, than any other of the fine grained metamorphic rocks. Such

slides are usually helped along by the presence of joint planes. Phyllite contains a larger

amount of mica than is found in ordinary slate.

The surfaces of phyllite have a shimmering, micaceous appearance. Sericite is com-

mon in them. Most of the so-called mica-schists are, in fact, phyllites. Some of the

less highly metamorphosed phyllites still contain argillaceous minerals and weather easily,

producing, where exposed to weathering influences, accumulations of fine mica and

argillaceous plates, which greatly aid sliding.

A notable slide in phyllite, has been recorded by Brock^' as having occurred Febru-

ary 28, 1903, in the Lardeau District, B.C. This slide took place along the dip of the

Schistose planes. From the face of the mountain, a mass of phyllite fell amounting to

about 600,000 cubic yards. The expression used by Brock,—"dip of the rock" means

"structural planes" because he further states that the sHde took place "across the bedding

planes".

Landslides in Brazil afford good examples of schistose slides although many of them

are largely due to the micaceous decomposition products of phyllites.

In a communication^" from Luciano Jacques de Moraes, Geologist of the Geological

and Mineralogical Service of the Federal Government of Brazil, be states that "Land-

slides are common in the mountainous regions of Brazil especially where the rocks arc

schistose or feldspathic. This is the situation in Santos, Rio de Janeiro, and in general

in the area of the Serra do Mar and the Serra da Mantigueira."

"In the districts of Ouro Preto, Marianna, Santa Barbara, and others in the Serra

do Espinhaco in Minas Geraes, there are also frequent landslides in the phyllitic zone of

the Minas Series, causing great openings. There the lines of the Central Railway of

" Bnick, R. W.. The Lardeau District. B.C. The Arrowhead Rockslide. Gcol. Survey of Canada.
Volume XV, pages SS-S6 W (meaning the 2nd series A.).

*^ Personal communication to the writer, made through M. H. Blclz, Chief, Foreign Construction
Service, U.S. Department of Commerce.
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Brazil in the first year after construction were constantly interrupted by slides, thus

requiring costly conservation measures."

5. Clay Ejection from Filled Caves.—A few remarkable cases, on one stretch of

highway, stand alone in our knowledge of this type. In spite of rarity it uniquely differs

from any other type, and must, therefore, be included in a classification of slides.

The writer was requested to examine and report on certain slides that were occurring

upon a newly constructed concrete highway near Lexington, Virginia, and ascertained

the following facts:

The bed rocks there are limestone. In the same formation, northward, are the

famous caverns of the Shenandoah Valley. In the vicinity of these slides ancient caverns

had become filled with clay deposits. A long highway cut had exposed the limestone

walls of a series of old cave systems. Within them, packed solid, was plastic clay. After

the highway had been constructed, a succession of huge spurts of this clay buried the

road at several points. It was, apparently, forced out, after support had been removed,

by water pressure or that of semi-fluid clay.

CONTROL AND PREVENTIVE METHODS

It should now be evident that very little of the literature on landslides has univer-

sality in treatment, or much to do with possible aid to the engineer who has to deal with

them. Consequently, he has been compelled to proceed along lines of trial and error,

and to adopt methods by guesswork, and, too frequently, with little knowledge of, or

regard for, the details of conditions which should guide him. Speedy action is nearly

always demanded, so he tries something, at once, applicable or not, and if it fails he

tries more of it, or something else.

It has been the writer's intent, in the preceding pages, to give to the engineer as

clear a picture as possible, within limited space, of all the important phenomena of land-

slides ; to classify them in a logical, comprehensive way ; to stress the fact that they occur

very frequently, and are almost omnipresent; to show how extensively they are active

agents in the destruction of life and property; to enumerate and explain causes; and to

describe types and illustrate them by examples. By means of references scattered through-

out the text, and a reasonably complete bibliography which closes this paper, the litera-

ture of the subject is opened to the engineer who wishes to enlarge his knowledge of it.

The writer will have much curiosity as to the reaction of the engineering mind to

this effort. If engineers read these pages with approval, it might be well for them to

take advantage of the modern social trend of "bossing from the bottom", and demand

that their "superiors" read them. This might lead to inflicting just or unjust punishment

upon them, but it might lead to opportunity for surveys of possible trouble areas, and

the adoption of better-conceived control methods.

Method-selection, where control seems possible, must depend upon understanding of

what is sliding, how much material is involved, what its distribution is, and what the

causes are. What? How much? Where? Why?
Occasionally one has interesting experiences in the course of giving advice as to

proper control of sUdes. Once, a railroad engineer said to me scornfully,
—

"I know more

about landslides than any living man!" He must have been mistaken, for, shortly after-

wards, I dealt with a highway engineer who used that identical expression, and said it

louder! In a case where a side-fill was giving trouble and causing constant expense and

danger to a double-track system, the writer's recommendations were turned down and

a method adopted which was devised by an employee who was not even a member of

'he engineering staff. But it appealed strongly to a maintenance engineer. It was based
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wholly upon "correct" drainage of the toe of the slide. No consideration was given to

the geological background ! None to the cause,—seepage of water into the fill. It seems

incredible

!

Some Engineers arc positively hypnotized by the escape of water from the toe of

a moving fill. When examining a slide with them it is difficult to get them away from

that intriguing spot. One Engineer, leaving me to th« "foolish" task, of trying to locate

the underground source of water that was causing a slide from beneath three of four

railroad tracks, spent over half an hour inspecting the toe, and then hurried to a tele-

phone to report to his chief that water, escaping there, was "emerging from a new place."

When I am informed that water is escaping from beneath the toe of a slide, I tell the

story of a blood-pressure specialist. When a patient said to him "Doctor, I have low

blood-pressure, what shall I do?" he replied "Madam, get down on your knees and thank

God!" I recall with delight a comment that an Engineer once made to me. He said

"When a slide comes onto me, I know what to do about it, but when it goes out from

under . . . that's hell." There is a point to these personal notes. It is that the

element of mystery ought to be taken out of landslides.

As a preliminan,' to the discussion of control and preventive methods we must per-

form an act of elimination. It is necessary, from a new point of view, to divide slides

into two classes: those with which we may hope to successfully deal, and those which

may neither be foreseen, nor controlled or prevented. It is the latter class which must

be dismissed from consideration except for a few brief remarks. It includes most of the

truly great slides, especially those which occur in high mountains. It includes, also many
of the slides that are hurled down by earthquakes. Of the former variety it would be

quite po.ssible for geologists to predict them as likely to occur when rainfall conditions

become sufficiently excessive, or erosion of a basal support becomes a sufficient cause

;

either or both of these things. This could be done by an examination of the structure

of the mass; of slopes, snow loads, etc. It would be a matter for governments to under-

take.''' Similarly, predictions could be made of many slides likely to be started by earth-

quakes, but many others will occur that cannot be foreseen. Avoidance of location is

the only answer to the problem of safety as far as most of the great slides go. But man
is so constituted that only compulsion would bring that about.

Fortunately the great slides are infrequent.

Going now, back to our classification of slides by t> pes, page 1099, it may be .said

that there is no such thing as control of a true mud flow. Its action is too swift. But

in regions where they repeatedly occur, as in the St. Lawrence River Valley, some of them

might be prevented, when records of the position of a local water-table show it to be

too high, by removing excess water, for given areas, by power pumps. Some regions

could be kept sufficiently dry by permanent drainage through use of tunnels. However,

the cost of either method would, probably, be too high for use by individual farmers.

Most slides, in materials listed under Type 2, "Slope readjustments", are subject to

control or prevention. In the case of Type ?>. Slides due to "Undermined Strata", those

in variety "a", resulting from out-squeezing of underlying clayey beds, can usually be

foreseen and controlled in their early stages. The variety "b", due to underlying, weak,

poorly-consolidated strata, are likely to happen as swiftly as a true mud flow. They

will occur mostly in mountain areas, and few of them will disturb engineering structures.

Slides due to burning of underlying peat beds (c) are too rare to need consideration here.

The "Structural slides". Type 4, either occur on a grand scale, in mountain districts,

or in artificial cuts on a moderate or small ^cale. Where cuts must be made, unless the

" Italy and Switzerland have Commissions for the study of landslides and "great calamities".
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material to be excavated is "unconsolidated", the rock structure should be studied and

the question of probability of slides, following or accompanying excavation, ascertained

in advance. Where a slide cause would appear to be "joint planes", prevention is pos-

sible. In the cases of fault-plane and schistose-cleavage slides, there is little to be done
about them in the way of prevention, but estimates of material to be handled should

include probable slide volume. It should be noted that where heavy shattering has been

effected in jault zones, slides may occur, on open faces, just as though the material con-

sisted of coarse, rocky talus.

It will probably be a long time before engineers again encounter "slides" of Type 5,

clay ejections from ancient clay-filled caves. When they do so, complete removal of

the ejected material, as it emerges, will be the simplest "remedy".

Nine tenths, or more, of the slides with which engineers must deal, occur as Type 2,

"Slope readjustments", and a majority of these will involve artificial fills.

Methods of control and prevention in common use, have been mostly based on the

principle of barriers, of many kinds. Within the last few years there has been an in-

creasing tendency to resort to drainage. Often that has been inadequately carried out,

or the method adopted has not been applicable to the particular case.

Thousands of slides affecting engineering structures have led to a variety of remedial

and preventive methods. These vary as between slides that come upon the structure and
those that move from beneath it; and, again, as between those, the moving, unconsol-

idated slopes of which reach open water, static or erosional, and those which terminate

on land.

A tabulated list of all the methods which the writer has seen in practice is given

below. Comments will follow it.

A. Removal of material:

Entirely

Partially, on slope

Intermittently, at toe

B. Barriers:

1. Retaining walls,

Bulkheads
Rubble and dressed stone.

Loose
Cemented

Concrete
2. Cribbing,

Logs
Dressed timber,

Treated
Untreated

Concrete,

Plain

Interlocking

Metal
3. Piling:

Timber,
Treated
Untreated

Concrete, reinforced

Casing, reinforced-concrete-filled

Steel rails

Sheet,

Plank
Steel

4. Boulders massed on toe

5. Earth buttresses
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C. Oiling surfaces

D. Sealing joint planes and open seams

E. Grouting and Cementation of unconsolidated materials

F. Filling fissures in slide material

G. Chemical treatment,—flocculation

H. Drainage:

Ditches for surface water
Trenches,

Shallow
Deep (into solid ground)

Tunnels
Drainage plus frontal load to prevent out-squeeze

Artificial ravines into slopes

I. Blasting

J. Slope Treatment:
Sodding
Strewing boulders on
Removal of trees and vegetation

Willow planting

Blanketing with cinders '

Guniting

K. Tie-rodding fills

L. Anchoring dipping strata afiove face of cut

A. Removal of Material.—This heading refers, of course, to sliding material lying

beyond, and not obviously endangering, a track, structure, ditch, culvert, etc. It should

always be kept in mind that excavation at the toe of a slide practically ensures further

sliding. (See Fig. 16). Therefore, any extensive toe removal should not be undertaken

unless it is desired, regardless of cost, to clean up everything. When essential removal

has been completed, the engineer should decide, on the basis of facts, which are ascer-

tainable, what method should be employed to prevent further movement. He asks "What

slope existed before the slide? At what slope do nearby, similar masses, remain stable?

What is the nature of the material? How wet is it? Where did the water come from?

Will reducing slope, alone, or combined with drainage, "treatment", or any form of bar-

rier-use, be the safest and most economical procedure?"

If, under any circumstances, some further removal of material is deemed wise, do

not begin at the toe, in spite of the relative ease and rapidity with which shovel opera-

tions are conducted by railroad lay-outs and equipment. Begin at the top ! Soften the

slope, on a plane or by terracing. Let the shovel supplement the drag-line. It is under-

stood that many slides, persistent, and with great length and spread of mass involved,

cannot be benefited by slope change. Such would be true in the case of the slide on the

Northwestern Pacific Railroad described on page 1110. Finally, toe removal is an ex-

pedient not a remedy. Generally it is a bad expedient, especially if there is great extent

and background to the material that is moving. Toe removal has done great harm in

the case of numerous slides in the coastal region of Northern California. In a smaller

way it has led to much unnecessary expense in the type of slides common in our middle

west. It should be borne in mind that wherever the method is practicable, with reference

to "disposal", hydraulicking is the least expensive means of removing slide material.

B. Barriers.—It is impossible to say, in general terms, under what circumstances

barriers of any type should be used. Certainly, as temporary expedients, the use of piling

is often necessary. It is evident, also, that there are many cases of slightly moving

ground, composed of material not too fine and plastic, not likely to become saturated

with water, from any source, and with no great thickness of material, or length of rising
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slope; in which retaining walls, and occasionally, cribbing, of good type, may be used

effectively as permanent remedies. But one should be reasonably sure that the type

selected is adapted to his purpose, and that any barrier will be permanently effective, in

the light of existing geological conditions. I have seen two cases of interlocking con-

crete-cribbing, placed at a cost of $35,000 and $4S,000 respectively, which were pushed

out and over-run by wet clayey ground, as though contemptuously. I have, also, seen

retaining walls, well designed and well built, fail in such amazing numbers, that only the

possession of a judicial mind makes me recognize that they are often necessary, and very

often successful. Granting the truth of that, there remains a picture of walls overturn-

ing, breaking up, and skidding as though on roller skates. The "skidders" seem intelli-

gent. They keep ahead of the chaos that pursues them.

Fig. 16.—A northern California slide. Excavate ! And watch the break move up hill.

It can go half a mile
;
perhaps a mile.

The Southern Pacific Railway Company has built miles of double-purpose walls on

a stretch of its Coast Line, which, so far as those built in recent years is concerned, have

been very successful. They serve both as barriers against sea-erosion, and as retaining

walls against slides. But in one place a massive wall, one to one in dimensions, and toed

into an undisturbed but not very firm shale bed, was broken, shoved out of place, and

over-run by a slide consisting of fragments of rather hard sandy shale (not clayey)

.

The adverse conditions were: lack of sulfficiently solid rock for a wall-base, and a steep

slope rising to a height of two or three hundred feet. But the material was rather

"innocent" in character.

If there is the least doubt that a wall, if built, will receive more thrust than its

structure, mass, and "toe hold" can resist, don't build it. This applies especially to cases

where the wall cannot be set in solid rock. Sometimes failures are due to bad practice,

which may creep in anywhere. I saw, once, on a big railroad system, a wall four hun-

dred feet in length, failing during construction. It was intended to keep a highway,

thirty feet above it, from sliding upon the tracks. It was based in mud, swathed in mud
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and backed by mud. This case is not cited as an argument against retaining walls, but

because of a sense of humor.

The suggestion is offered that in American practice, probable-thrust is too often

underestimated, and that retaining walls are often built where foundations are too weak.

Another fault is undue regard for economy. Too little use is made of buttresses. Fur-

ther, where a wall must be built, for any reason, and the base rock is poor, but variable

in strength, the possible, angled, underground buttress, extending forward and down as

nearly parallel as may be with the direction of maximum thrust, is too infrequently used.

Fig. 17.—Common type of Italian government-built retaining wall, against slides.

Givitella Casanova, (Pescara), Italy.

Drainage, behind and at the base of a wall, is of course, important. It lessens pres-

sure to some extent and avoids freezing-expansion. That it impairs, by softening or

weathering, the rock in which the wall is set, is doubtful, i.e., if the base rock is good.

So far as that is concerned the ba.se rock will be more or less wet under any circum-

stances.

The Italian government spends large sums of money each year in connection with

landslides, as has been mentioned earlier in this article. It does this in the poorer dis-

tricts, and where damage already done or the threat of damage, (either or both), means

expense too great to be borne by individuals, cities, or small communities. Conditions,

there, often require the use of huge retaining walls, many of them much higher than may
be seen in this country. Where the government builds them, they are usually well

founded on, and in, rock. They are well buttressed, and often, in effect, thickened with-

out using too much concrete or masonry, by deeply recessed artistic arches. See Fig. 17.

Work has been done on the mathematics and nature of slide ruptures, originally by

Penck, Becker, MacDonald, and others, and later by the Swedish Governnunt" and by

** See Slatens Jarnvagars Geolekniska Commission, 1914—22. (.State Railroad (ientechnical Commis-
sion.) Slutbefankande avRivet till kungl. Jarnviigratyrelsen. den 31, Maj. 1922. (Final report to the
royal board of state railroads, May 31, 1922.) A very valuable contribution to the subject of landslides.
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Terzaghi. The assumption is that ruptures take place on cylindrical surfaces, and that

formulae may be derived, on that basis, for retaining-wall dimensions. Defects in this

theory are:

a. It is very seldom that even a small section of a slide breaks along surfaces having

such a curve.

b. Nearly all slides in unconsolidated material, which even approximates homogene-
ous character, take place on a variety of surfaces. Vertical and inclined planes

are mixed with curved surfaces varying widely in character.

c. Nature does not provide material sufficiently uniform in character. A mass that

seems practically the same throughout, does, in fact, vary vitally, here and there,

in fineness and character of material. Some parts will be more clayey than

others. Some parts will be wetter than others. Water seepages move from dif-

ferent sources, and into some parts of the mass in larger volume than in othe:s.

d. Where a long slope rises above a retaining wall slides may occur upon it any-

where. These rearrange slope angles and shift loads, so that factors used in

formulae are changed.

Boulders massed on toe.—This method has often been tried, especially in cases of set-

tling or sliding fills. It has merit if movement is in plastic ground which yields beneath

the toe, (a type of out-squeeze), or if the bottom part of the fill is too soft. For most

slides use of this method is futile unless carried out on a retaining-wall scale.

Earth buttresses.—These are frequently effective, but they involve handling a large

amount of material. In the case of the disastrous slide at Riverside, just below Cin-

cinnati, Ohio, onto the right-of-way of the C.C.C. & St.L.R.R., such a buttress, built

as a sloping highway, aided effectively in stabilizing the slide at its worst point.

C. Oiling surfaces.—This is helpful when dealing with sliding material that is porous

and readily absorbs rainwater. It proved an aid, as one of many methods tried, in ef-

forts to stabilize the noted slide at Vallejo Junction, California, on the Southern Pacific

Railroad. This slide has been described both as the Vallejo, and the Valona Slide.

D. Sealing joint planes and open seams.—Frequently troublesome or very dargerous

slides from the faces of cuts in "solid" rock, or from natural bluffs adjacent to a right-

of-way, may be prevented by a process of sealing. This applies in cases where joint

planes and schistose or fault-made seams promote slides, through their dip, or because of

structural weakness which they cause. It gives a strengthening bond and prevents water

from accumulating in openings, and freezing and expanding. Sealing or grouting is, of

course, a common practice in connection with foundation work, m'ns-shafting, etc.

Where there are open crevices cement can be forced a long distance. An engineer in-

formed me that in order to complete a job of constructing an underpass he pumped a

large amount of cement behind one of the walls. A few days later an irate Italian made

complaint and claims, because his cellar was full of concrete.

It is possible to grout seams and fissures in strata against which slide material has

been accumulated and which has begun to move. This is applicable where trenching

would be too deep and tunneling too expensive. It cuts off water supply at the point of

danger.

E. Grouting and cementation oj unconsolidated materials.-—There is a limited field

for this type of defensive work. It will, doubtless, become wider. Experiments are going

on; some successful. Most of this work is undertaken in France. The method is cer-

tainly applicable for stabilization of coarser materials, with plenty of voids.'"^

^ The writer thinks that there are great possibilities of valuable use for it in connection with much
of the loose rip-rap that is used on the low flanks of bridge-approach-iills exposed to possible strong

erosion. A number of disastrous train wrecks could have been prevented by less parsimony and wiser

engineering in this respect
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Probably, grouting and cementation work has been practiced on the largest scale and

in the most varied fields by a French Corporation (\02.\) entitled Precedes de Cimenta-

tion Francois, with headquarters in Paris. In an interesting booklet the company dis-

cusses the results obtained through their work in various terrains. On the subject of

unconsolidated materials, it is admitted that cementation of them is very difficult. "How-
ever, trials presenting the greatest interest have been executed by M. Lombois, who has

succeeded in the cementation of sand within a limited radius, by means of injecting under

pressure, through a perforated tube, jets of cement which form a concrete sufficiently

solid. M. Lombois has succeeded in stabilizing a mass of sand between holes 1.60 m.

apart."

The further statement is made: "In addition, other attempts at cementation of sands

have been made by another method. The initial results obtained permit hopes of suc-

cess."*'

F. Filling fissures in slide material.—Slides occur, become stable, then reoccur, per-

haps many times. In many types, a characteristic development is a series of fissures, often

large and deep, crossing the slide at right angles to the direction of its movement. Such

crevices should be filled (with slide material) immediately after cessation of movement.

This is often neglected. Too many engineers fail to see that it is worth while. Keep

rain and surface drainage out of slide mass—every drop possible ! It adds weight

!

It lubricates!

G. Chemical treatment,—flocculation.—In clayey materials there may be found, in

varying amounts, mineral particles sufficiently fine to be classed as colloidal. An attempt

was made to flocculate such particles in material used for building the Hawaiian "A'ex-

ander" Dam. The process failed to prevent its collapse. See page 1105. Failure cf this

process may have been due to the fact that it was applied to volcanic ash instead cf

normal clayey material. "Colloid-gels" (mineral) are unstable and will not be found in

slide material. The writer spent six months studying the subject of "colloids" in text

books. But nothing was revealed that gave promise of help in the fields of foundations,

slides, etc. Perhaps that will come later. It was pleasing, however, to learn the defini-

tions. "A colloid is a gel", etc. "A colloid is something so small that it is smaller than

so and so". "There is no such thing as a colloid. We must speak of a colloidal state or

condition" . Let us wait awhile 1

Although it is impracticable to force solutions into solid beds of clay, it might be done

in disturbed, and relatively loose masses of sand-clay occurring in very many varieties

of talus slides. One solution can go first, and be followed by another, to precipitate min-

eral matter. The writer's experiments of this kind have produced a substance as slippery

as clay itself. The field is open, but it is less promising than are easier, less expensive

methods.

H. Drainage.—Any ground in which there is evidence of old slides, or in which there

has been recent movement, should be kept free from standing water. D.pressions, very

common on the irregular surface of a slide mass, should be kept dry by means of ditches

which must be properly maintained. Where cuts have been made in clay formations the

latter should be surface drained for several hundred feet back from the top slopes of the

cut. Such material can slump upon a track with amazing swiftness. A train was

wrecked at Shadrack Landing, in New York State, by a slide of thi^ nature." A scriou-

slide on the Erie Railroad near Susquehanna, Pa., occurred on the side of a cut in a glacio-

lacustrine clay formation.

"See booklet of Proc<''des de Cimentalion Frincois. under headiriK RiVultats Obtenus dans I.es

Divers Terrains par les Methodes. Brevets et I'rocedes Francois.
*' The writer tried in vain to obtain photographs and detailed information as to this slide from the

Maintenance Engineer of the railroad, through a personal call and by letter. One foreign government is

as secretive about its landslides as though they were family skeletons in its closet.
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All sorts of shallow trenches have been tried as drainage expedients for stopping

movement of intermittent or slow moving slides of clayey material. Some trenches are

back-filled with rock, and left open to take surface water (and to become choked with

inflowing debris). A notable and interesting example of unclosed rock- filled ditches was

inspected by the writer, at the site of a large slide at Syracuse, N. Y. In connection with

these a long, low concrete retaining wall, which the slide had destroyed (sic!), was re-

constructed. On the back line of the base of this wall sheet-piling was driven. The ma-
terial of the slide was glacial.

Of all the placement-varieties of direct-drainage ditches which are cut into the faces

of slides, the herring-bone type is most commonly used. In many cases tile is laid in the

bottom of them, but very slight after-movement of the mass in which they are p'aced

deranges alignment and the drain ceases to function. A case of such drainage, claimed

to have been successful, is described in an article which was printed originally in the

Journal of the Western Soc. of Engineers, and was reprinted in the Proceedings of the

Am. Ry. Eng. and Maint. of Way Assoc, in 1907. It is an /account of direct-drainage

method applied to a slide at Boone Viaduct, Iowa. But the maximum depth of mov-
ing clay, there, was not over 8 ft. and the ditch system (three series of hsrring-bone

type) was given a maximum depth of 9 ft. at the top. This dropped to a depth of 4 ft.

near bottom of the slope. In most .sHdes of glacial debris or talus accumulations, move-
ment is much deeper than that recorded at this slide, and movement is throughout the

mass rather than along any definite plane.

Such systems as have been described can only be effective where the sliding move-
ment is superficial, and the material sufficiently porous and clay-free to permit drainage.

A long clay and muck fill built for a highway, in north-central Missouri, persisted

in "sloughing off" on the sides and in settling through out-squeezes. Experimental

"drains" were installed and, from time to time, samples of the material were taken from

within a few inches of the drain, for moisture tests. The drains were wholly ineffective.

The contained water was capillary.

At Whitefish Bay, Wisconsin, where slides from the face of a bluff over 100 feet high,

began moving into the lake and threatening destruction to a number of costly residences,

one owner employed "experts" from Chicago to endeavor to stop the slide that was un-

dermining and carrying away his property. An elaborate system of shallow, tiled trenches

was installed, covering the slope-face. It went out and into the lake, probably in a de-

risive mood.

There is very little promise of success in any form of drainage of a mass of moving

ground, unless it is decidedly arenaceous, but trenches for that purpose, if tried, should

at least be as deep as possible. These remarks apply also to the use of tunnels, unless

their objective is a source of water, and it is intended to prevent its entering, and spread-

ing in a slide-mass.

The effective form of drainage which should be used in dealing with a majority of

slides, or in preventing them, is not a type, the use of which is based upon removal of

water from an earth mass after it has been penetrated by it. It is one designed to tap

the source of water, either by trench or tunnel, and to safely divert it.

Drainage of water pockets and source-flows by tunnels has been carried out success-

fully, on a very large scale, by the O.W.R.&N. Co. on its Columbia River Line. The
story of the persistent earth-movement there, actuated by seasonal rainfalls of as much
as 70 inches, and of the details of control methods is too long to undertake in this paper.

It should be read, however, by every interested engineer. It has been published, at length,

in Railway Age, Vol. 77, No. 22, 1927, and republished in Engineering and Contracting,

Vol. LXIII, pp. 1S3-S8.
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It is possible to control some of the very extensive slides where they move intermit-

tently, perhaps even such a slide as that which has been described on a previous page as

occurring on the Eel River, in northern California, and troubling the Northwestern Pa-

cific Railroad. It is certain that very many more or less active slides of minor size, but

of serious character, can be controlled, and potential slide-areas made assuredly safe, by

intercepting and diverting water. This method is best adapted for the control of fills

and of masses of clayey talus-debris where, in either case, the unconsolidated material lies

against solid rock. In most cases it will be found lying against buried sedimentary rocks,

which will consist of shales and sandstones or limestones, or both. The shale will be, in

large areas, impervious to water. The sand stones and lime stones will be largely fis-

sured by joint planes, and will, therefore, be good water carriers. In such cases water

moves close to the contact with shale and on the upper surface of it, not in sheets and

not, as a rule, in large volume. It will not be discharged uniformly a'ong the bluff cr

Fio. 18.—Seepage reveals itself by dark spots, on a hot dry >ummer day.

steep sloped edges (largely debris covered), but it may escape, at either exposed or buried

faces (the latter is more common), at favorable points of shattering, rather than along a

continuous line. There are all sorts of variations as to its behavior in this respect. Its

volume depends upon amount of rainfall and many varying geological conditions. But in

searching for such water sources, do not expect to lind an underground flood. Steady

seepage, often localized, can over-charge clayey debris with water, or bring it near enough

to the critical point of stability, to produce a slide when other adverse condit'ons aris?,

such as increase of load or an extra-heavy rainfall.

Before exploration for water sources is undertaken, the engineer shculd inv.stig.ite

the ground, perhaps for a considerable distance away. If there is no local dip of im-

portance in the general locality it may be possible to find an exposed section of the rocks

in the same series as lie behind the mass under investigation. It may be "across the river",

or in a cut nearby. To ascertain at what levels seepage, or a possible spring, may occur,

is a first step. Such levels are especially evident in winter; see Fig. 7. On many clay-

debris slopes a moist area or patch may be detected, on a hot sunny day, by it* having

a darker color than th.it of the surrounding surface,—one that would show in a photo-
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graph. (See Fig. 18). Upon examination it will be found slightly wet. Thus a vertic-l

plane is established, near which a dangerous seepage exists. Failing help from either of

these methods, exploration must be made somewhat at random, by either drill holes or

shafts.

There is great opportunity for the use of "well points", on pipe that can easi'y be

driven, in exploration for wet areas and water sources. Moreover, they afford, in many
cases, a very inexpensive means of drainage. To this end, it is suggested that in many
cases of "soft spots" and water pockets under tracks, "well points" driven in at proper

angles, should be given a trial.

Fig. 19.—In Kentucky a highway persisted in sliding onto a railroad. The author
suggested isolating this mass with a U shaped, rock-filkd trench, with perforated iron

pipe, excavated into solid shale. The engineers put in, also, a central ditch (left side of

picture). The slide was conquered. See Fig. 20.

When the location of a water source, or several of them, has been proven, and if the

work is justified by probable danger, the next step is to reach it either by a French type

trench or a tunnel.

Very often the edge-face of the "solid" rocks will be sloping. In that case, if a

trench is practicable, its bottom should lie in undisturbed shale.

An excellent example of stopping a slide by such a trench, where geological conditions

were similar to those outlined above, was described by the author in Public Roads, Oc-

tober, 1928, page 159. In this particular case the water moved along a thin arenaceous,

indurated and shattered stratum.

Several slides which for a long time had troubled a combination of railroad and high-

way engineers, have been completely controlled by the writer, by surrounding the sliding



Control and Preventive Methods 1139

mass with a V or U shaped system of trenches or using a T shaped system" cut into the

"solid" below. The trenches were equipped with 8 inch, perforated, corrugated iron

pipe, and back-filled with clean gravel. The top was sealed. (See Fig. 19).

It is reasonably certain that if two or three V trenches had been cut through the

threatening mass that constituted the "Great Pittsburgh Slide", sunk into the solid shale,

and properly backfilled on perforated pipe, the slide would never have occurred. It is

said that a drainage system had been installed in it. That, no doubt, is true; but at that

time little was known about correct methods of installing intercepting trenches. It is

all a matter of opinion. It is the writer's thought that no such slide should ever occur

again onto a railroad track. The huge masonry retaining wall that went out with this

slide was ill conceived and futile. This slide occurred on city land. The retaining wall,

I am told, was built by the city. A diagrammatic cross-section of a good interceptor

trench is shown in Fig. 20.
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Fig. 20.—Cross-section of interceptor-trench.

The very interesting and serious slide at Vallejo Junction, California, on the South-

ern Pacific, caused heavy losses to the railway company, the tracks of which are

below it, and forced the relocation of a highway at its head. This slide was fought

both by the State Highway Department and the railway company for many years.

Many attempts at drainage of the mass were undertaken, and great quantities of water

were removed. This was possible because the material of the slide is arenaceous and

porous. Drill holes and shafts were sunk, and pumps were installed in them. Extensive

tunnel systems were excavated, risers stoped, sumps dug, but still the supply of under-

** A combination of these was tried on the writer's recommendation on a sliding section of the Wash-
ington-Mt. Vernon Boulevard. A subsequent slide occurred in fill material (muck) on the outside of

the road. But the pavement remained intact, and the "soil" beneath it was dry and hard.
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ground water was sufficient, in wet seasons, to keep the mass moving. Near its toe an

elaborate system of piling was put in, and the piles bound together. With it all, when

the writer examined it during a dry season, it was quiescent.

It has been claimed that this slide was finally controlled by guniting a shale slope-cut

when the highway was relocated, but this is an error. This matter will be discussed un-

der the heading "Slope Treatment".

At Morado, Pennsylvania, a very large fill collapsed on its long, down-stream slope

and put three of four tracks of the Pennsylvania Railroad out of commission. Here

were ideal conditions for a remedy, by intercepting water (.most of that which caused the

Fig. 21.—An interceptor trench across roadbed, just beyond handcar (upper left), and
trench on right-hand side of track, might help.

slide) at its source by means of inexpensive tunnels. The geological formations against

which the fill was built consist of an upper, thick bed of jointed sandstone and an under-

lying very thick stratum of compact shale. Near one end of the fill, at two points, there

was a steady flow of water emerging from the contact plane of sandstone and shale, and

of course from the top of the shale. This water was being piped to picnic grounds on

the slope of the ravine. On that side of the fill, at least, a tunnel should have been run

along the level of the top of the shale, following contact of the fill against the solid rocks.

After the writer had recommended that this be done, certain "exploration" drilling was

carried out, for verification of his theory.

Unfortunately the drilling was done at the end of the fill where water was least likely

to be found, and, what was more unfortunate, not one of the drill holes went through

the sandstone, to the shale. Evidently it was assumed that if water was to be found, it
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would be well up in the sandstone, or that the joint planes in that rock would be full

of it. These facts make it very dear that a working knowledge of geology may be often

of great use to an engineer.

Many trains have been wrecked by the failure of fills. The engineer, perhaps, does

not look upon fills with quite enough fear and suspicion. Often they are not protected,

or not sufficiently protected, from possible erosion, so the "wash-out" occurs. Some-

times they are placed upon ground, dry and firm when they are constructed, but, later,

soft and treacherous when wet. Frequently, they are built against solid strata which

in wet seasons emit heavy seepages along planes described above. Often track-approaches

to them are down grade, so that water flows to the fills beneath ballast or moves toward

- G' of casing . top of it above grourxl , or cerDcnt

top of gravel to keep oat surface water

lO'^drill bole backfilled witb clean gravel

4 X G Tannei filled witb clean gravel

©"Perforated corrugated coated metal
pipe. Perforations down 2-3% grade

Paddling clay, 2 "-3", if needed

O O O

Plan of proposed tannel and drill bole drainage system

Fig. 22.—Diagrammatic section through tunnel and drainage drill-hole, and plan of

drill holes. Text page 1142.

the fill in earth beneath the roadbed. Reference here is to through fills, not side-hill

fills. Such water-flows may, and should be, intercepted by cut-off trenches put in near

the ends of, but outside of the fill. (See Fig. 21). The writer assisted in t!?e stabiliz-

ation of a large fill by going to the source of water which had been causing serious

trouble for 20 years, on a railroad in central Missouri.

Seepages from contact rocks may be found and diverted as described in the Morado

case. The best protection for a fill lies in giving proper attention to drainage of such

waters when it is constructed. If proper grounding and isolation from water has not

been effected during construction, it must be accomplished later by maintenance crews.

It should certainly be done whan any symptom of abnormal settling or mush-rooming

of the sides occurs. Thereafter it is dangerous practice to proceed only with raising top

of fill with new material.



1142 Landslides, Subsidences and Rock-Falls

The failure of many small hillside fills which have wrecked trains might have been

prevented by interceptor trenches properly placed. The failure of such a fill, and con-

sequent disaster, is illustrated in Fig. 11. This fill could have been isolated from water,

rather inexpensively.

It is possible to isolate frontal masses of slide material by interceptor trenches.

They then dry out and become huge, natural retaining walls. When the formation is

too thick for trench work, as happens in some cases of detrital slides, and often is true

of sliding beds of clay, a method of accomplishing the same result was devised by the

author, and recommended for control, or prevention, in connection with slide troubles,

at points in the states of Wisconsin, California, and Pennsylvania. The method is to

drive an inexpensive type of tunnel on drainage grade, and circumscribe or cut off the

mass that has been moving, or threatens to move, for an area large enough to include a

mass of suifficient bulk to act effectively. (See Fig. 22). In the bottom of this tunnel

is laid 8 inch corrugated, perforated iron pipe. Then at the surface, drill holes, 10 or 12

inches in diameter are put down in a line directly over the tunnel. This is quickly done,

through clay. The drill breaks through the roof timbers of the tunnel and drilling is

stopped without injury to the drainage pipe. The first hole is put down directly over

the highest point in the tunnel. It is cased, and the casing is connected by means of a

tee to the perforated pipe line. It is then covered with a removable cap. This provides

a means of flushing out the drainage line from time to time.

Succeeding holes are driven, 5 to 6 feet apart, on centers, going away from the cased

hole, and the process continued until the system has embraced the necessary area. The
moment one of these holes (not cased) reaches and breaks through roof timbers of the

tunnel, gravel or broken stone is poured in, filling the tunnel beneath, as long as the

gravel will flow. Then the drill hole itself is filled to the top and sealed. There is thus

established a complete vertical drainage plane and isolation of the desired amount of

"retaining-wall" material. This plan was adopted by Mr. Geo. S. Fanning, Chief Engi-

neer of the Erie Railroad, at a point near Susquehanna, Pa., and he reports that after

three years it is still functioning and serving its purpose.

For solution of a slide problem in Wisconsin the writer recommended a T-shaped

tunnel, (See Fig. 23). The reason for this may be seen in photographic illustration of

the "break" conditions, (See Fig. 9). The total thickness of formations (glacial and

Lacustrine)' here, above lake level, is 110 feet. The materials are clay, sand, and gravel

in irregular, often lense-shaped beds.

Reference has been made to a class of slides that are common in Canada, in various

areas, north of Lake Erie. Many of these slides result from a soft wet clay base, which

is out-squeezed, permitting the overlying glacial, or glacio-lacustrine clay to slump and

slide. Such slides may be seen occurring, from time to time, along bluffs that border

streams. After such a elide takes place the .slide load tends to halt the process until

more or less of the slide-mass is washed away. At various places extensive "runs" occur

in the terraced front of the material which faces toward the lake. Once started they

travel fast and develop long gullies. A wet clay base is out-squeezed, and washed away
by the first rainfall, then the occurrence is repeated, there, locally, because of lower

ground or because once a gully starts more water is concentrated in it for washing out

material.

Some of these runs have been stopped by a little excavation, followed by installation

of perforated pipe for drainage, and burying the pipe to a depth of several feet. The
pipe safely removes water, and its artificial overburden is sufficient load to counter-

balance the thrust of the basal wet clay bed, thus ending the process of "run".
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Artificial ravines into slopes. This procedure has been used to advantage in the

coastal region of northern California where it has been applied to extensive, thick accu-

mulations of sand, fronting a highway and occasionally sliding upon it. Deep ravines

were cut into the sand-mass slope by hydraulicking. This method increas^es the extent

of drainage surfaces and the effectiveness of evaporation.

I. Bl-asting.—Blasting is an ancient method of attempting to control slides. Its use

seems to be predicated on one or the other of two assumptions: First, that the sliding

mass is moving on a sloping rock bed (which is sometimes true), and that its surface

can be so broken up and roughened that the slide will be halted (which is not true)

;

—Sreok-fQCft

Irregularly bedded

sand one

Outlet Tunnel

Fig. 23.—Diagram showing vertical-plane drainage system: advantageous where
thickness of material is too great for interceptor-trench. Ten to twelve inch well holes

into tunnel. Gravel poured through each hole as soon as completed, filling holes and
tunnel. Outlet tunnel gravel-filled by hand. Same system can be used, where applicable,

in U or V shape. See text p. 1142, also Fig. 9.

second, that by blasting the underlying rocks drainage channels will be opened in them,

thereby permitting the slide-mass to dry sufficiently to cause cessation of motion. The

fact is that only temporary success can be attained in this way. Materials of the slide

will soon fill and choke the crevices produced by blasting. Moreover if, as is usually

the ca.se, the blasting shatters underlying solid shale, the fragments of this will soon com-

pletely disintegrate and add themselves to the overlying unstable mass, making condi-

tions worse. Perhaps there are cases where blasting has resulted in permanent good, but

the writer has never seen one of them. Nevertheless, he has in mind a case where, in

spite of drawbacks, blasting might have been the only way to stop a slide. Reference

is made to a fill-slide described by S. V. Cortelyou.^" The fill and ground under it moved

together at a steady but slow rate toward a canyon. Nearly three years after the move-

ment started geologists were employed to study the situation. They reported that the

*" Cortelyoii. S. V.. Mount.iin Roaii Keloralion.

cember 7, 1933, pp. 680-81.
KnuincPrinK News-Record. V'ol. III. N". 23. Pe-
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movement was taking place among dipping strata along bedding planes. The method

adopted for stopping this slide was to fill the canyon and give support to the moving

strata beneath the fill. The canyon might well have been too great for such an under-

taking. What then? Probably the only hope would have been that heavy shooting

of underlying, dipping strata might break up the bedding slopes responsible for the slide.

J. Slope Treatment.—The only use for sodding on a slope is to prevent wash and

extremely superficial slips.

Scattering boulders on a fill slope, which thre writer has seen done many times, merely

increases load, which is bad practice and serves no useful purpose. Each boulder is a

potential source of local slide; each one tends to promote a general slide.

The removal of vegetation, including trees, from sliding ground is usually a fruitless

effort. The elimination of weeds and brush might be worth while as a preventive meas-

ure, on a slope of porous material, where it would lessen absorption of rain water.

Willow planting might justly be recommended in certain cases. It should be done

only at the toe of a slope, especially where a fill e.xtends down to lake or river water,

or to a swamp.

Blanketing slopes with cinders seems useless. In one way it does harm—it prevents

evaporation.

Guniting a slope may be useful, if the expense is justifiable. Its use is indicated on

slopes of disintegrating material, especially shale, because it will prevent weathering, and

a rain of dribble. A notable case of such work is that which was done by the California

State Highway Commission, on a cut-slope into the upturned edges of an arenaceous

shale. See pages 1130 and 1140. This was on a new location, to which it had become

necessary to move the highway, because of the long continued movement of the Vahna
Slide, which had been mostly below the highway, not above it. The serious slide wa^

west of this point. In connection with the excavation of this cut, it is true that a large

yardage of unstable, disintegrated shale, at times sliding, was removed. Several articles,

have been published™ which unintentionally, and through geological misundertandinT,

give a false conception to a reader, as to the relation to the slide of this intere:ting and

very useful (for its true purpose) guniting job. It in no way served to control the Valona

Slide, as one article implies, and others aver. (My "in no way" is too al'-embracinT.

Guniting the slope in that cut would reduce to an imperceptible degree the total of rain-

water entering the ground and reaching the nearby Valona, or Vallejo Junction, dide).

Several references to an assumed "sliding plane" are not based on fact. This slide and

the history of attempts to control it are most instructive, but technical literature con-

cerning it is based upon wrong conceptions and misinterpretation of the conditions.

K. Tie-rodding fills.—Attempts to hold together a slumping fill have been repeat-

edly tried, on the principle of the tie rod, with various designs for the slope plates. Akin

to this are the "steel suspenders" described by T. H. Cutler,'^' Chief Engineer, Missouri

State Highway Department. Similar methods have been referred to in the columns of

Engineering News-Record." If all other methods have been tried and have failed, and

this one seems promising, try it. A maintenance engineer ought not to be confronted

with a problem, the only possible solution of which might lie in such methods. Why

''" McCurdy, A. W. "The Valona Slide and Highway Construction near Carquinez Strait Highway
Bridge, California." Western Construction News, March 10, 1928, pp. 150-54.

"Valona Slide Conquered with Concrete Slope Paving." California Highways, Vol. 4, No. 9,

Sept.-Oct., 1927, p. 6.

"Drained Paving Used to Stabilize Road on Sliding Side Hill." Engineering News-Record, Vol. 100,
No. 5, Feb. 2, 1928, pp. 199-200.

°' Cutler, T. H., "Slipping Road Bed Held up by Steel Suspenders." Engineering News-Record,
December 8, 1932.

'* "Device prevents slides on road and railway fills." Engineering News-Record, Vol. 104, No. 19,
May 8, 1934, pp, 787-8,

" •-
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build a fill across stream deltas and bottoms, where the material is muck, scooped up

from either side, and trenches left full of standing water?

Sometimes rows of piling on either side of a low, slumping I'lll are timbered together

in sections and cross tied by steel rods passed through the fill.

L. Anchoring dipping strata above face of cut.—I have never seen this done, but

have studied several situations where, perhaps, it ought to be done. It could only be

effective where strata, threatening to move, are part of a series dipping toward a cut and

are free from seams and joint planes over considerable areas. Such a case exists above

a railroad tunnel, near Cumberland, Maryland. There a highway cut removed the sup-

port of a bed of sandstone, IS feet thick, which rested on a limestone bed, with a very

thin (sometimes absent) layer of clay between. The beds dip at an angle of 45°. A
large mass of the sandstone slid to the road and the river below, shortly after the high-

way cut was made. Other parts moved slightly, and a large area of sandstone was

broken from its bed and separated by wide, open fracture. Who can say when this will

slide? A slight earthquake would start it going.

It would be quite possible to anchor this mass by drilling through the sandstone

deeply into the limestone beneath it, and setting well-casing filled with reinforced concrete

in the holes. Nothing could stop such a mass from sliding once it started, but a little

anchoring would keep it from initial movement.

SUBSIDENCES

Subsidences have been defined (p. 1095 as "relatively superficial and local, vertically-

downward earth movements, excluding shrinkage and consolidation in fil s, in which the

horizontal component, if any, is confined to out-squeezed, underlying material."

Thus defined, the subject reserves a small class of carth-movemjnts, usujly classified

as landslides, for separate consideration. There is, of course, a border-zonj in which sub-

sidences pass into landslides.

There are three types of subsidences:—
A. Vertical drops into cavities, such as caves, mines, tunnels, etc.; and,

rarely, of undermined cliffs.

B. Sinking of fills constructed on plastic ground, or across m::rshes,

swamps, flood planes and deltas, or upon littoral mud.

C. Areal subsidences.

Nearly all subsidences of undermined cliffs become slides by horizontal movement of

their own, or by starting, and participating in slides initiated by impact.

There are, of course, very many examples of vertical drops into caves, minis, tun-

nels, etc. A type of subsidence into copper and iron mine workings has been described

at length by W. R. Crane" in a Bulletin of the U.S. Bureau of Mines. In another

Bulletin," a study of subsidence.; due to coal mining in Illinois has 1 ecn published. Ref-

erences to accounts of many subsidences may be found in the bibliography accompanyn.'?

this article.

Railroad tracks have been left hanging in the air or have gone doWn with surface-

subsidence, into zinc and lead mines in the Joplin District, Missouri-Kansas.

Old sink-holes are common in limestone areas where extensive caves have been

formed by solution and erosion by underground streams. Not infrequently they occur in

"•Crane. W. R.. Subsidence and Ground Mdvemcnt in the Copper and Iron Mine< of the Upper
Peninsula. Michiean. U. S. Department of Commerce, Bureau of Mines. Bulletin 29S, 1929, 66 pages.

•'*' Herbert. C. A., and Kutlol'jc. J. J.. Sub-idenre due to c )al minin'; in Illinois. U. S. DepTrlmenl
of Commerce. Bureau of Mint's. Bulletin 2,?.S, .SO pages. .See also, on .Sub.^idences, references in Bibliog-

raphy under narqes Cgshing, Goldreich, Howe, Kno:(, Tibbets, and YounR.
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present times. Tunnel collapses do not always effect subsidence at the surface of the

ground. Occasionally they do so, especially near portals.

On April 1, 1932, ten thousand people fied as a town collapsed into old Roman
caves. The inhabitants of Villa Santa Stefano, a community between Naples and Rome,

saw their town disappearing into the caves over which it was built. Buildings s id slowly

into a pit which opened the entire length of the Via Leonia. "The earth under the town

was honeycombed with grottoes excavated by the Romans, in soft rock, many centuries

ago."

The St. Canzian region north of Trieste, now Italian territory, is noted for extra-

ordinary, extensive caves of which the "Adelsberg" and the "St. Canzian" are the most

famous. Naturally, great and small sink-holes abound. The country is riddled with

them.'"

The sinking of tills into the mud and muck of swamps, bogs, salt-marshes,™ etc.,

is a matter with which most construction and maintenance engineers, at some time, have

had experience. There are innumerable examples. A salt marsh, on the coast of Massa-

chusetts engulfed a half-mile stretch of concrete highway, built to shorten a shore road.

There are records of many similar cases. Usually the trouble starts with construction

;

and technical literature is full of cases, with accounts of methods pursued in reaching bot-

tom, or floating tracks or road on corduroy mattresses.

Fills built on marsh or other mud, sometimes, during construction, bring about more

or less sudden danger, or actual damage to neighboring structures. In many cases such

danger may be foreseen and guarded against. During the construction of a highway

artery in South San Francisco, Calif., the project was afflicted with enormous sKdes from

well conceived and established long, high slopes. Considering everything these sides were

unforseeable. Nature betrayed the engineers. But not far from this scene a fill had to

be placed across mucky ground. There, the fill paralleled a large "main" supplying water

to San Francisco. As the fill advanced there was a sudden upheaval of surface ground,

and a side thrust of material which in places actually reached the water main. That was

saved by the immediate driving of piles, and construction of a bulkhead, which took all

subsequent thrust in that direction.

During the early construction of the Suisun Bridge by the Southern Pacific Com-

pany, a great approach-fill was being constructed. At intervals huge waves of mud arose

from depths below the bay water, and surged long distances away from the fill. A large

gap had been left where the fill was to cross a long concrete-underpass which rested upon

piling. The problem of completing the fill without damage to this concrete structure

arose. Mr. C. R. Harding, now a Vice-President of the company, conceived a perfect

answer to it. On the shore, nearby, was an old smelter where there was available, by

boat, a great supply of very heavy slag. His plan was to take slag in scows to the site

of the concrete underpass and there dump it, on either side, to sink swiftly, until all mud
was pushed from under, and away from the structure; then to complete the fill, and close

the gap.

Areal subsidences, (those on an extensive scale) have sometimes been caused by

earthquakes."' A few of them are subaqueous, where they may have been the result cf-

'^ This region will be ever memorable to me because just before entering it for geological investiga-

tion, fate placed me in a position where I very greatly needed wings! I was caught by a crashing, havoc-

wrecking earthquake, while making observations from the tiptop of a lofty tower, high above mighty
walls of a great castle perched atop a pinnacle of rock rising high above the town of Laibach, which was
destroyed. From that experience, perhaps, arose my interest in landslides and subsidences!

^^ See Smith, E. R., "Compressibility of Salt Marsh", etc.—Bibliography.
^' On Nov. 19, 1822, an earthquake accompanied an upheaval of the whole coast of Chili to an

average extent of four feet. Fifty-seven cubic miles of rock, formerly below the sea, was raised above it.

Swift subsidences, equally great or greater, have occurred. A subsidence accompanying the earthquake
of CHtch, in the Delta of the Indus River, on June 16, 1819, deepened the channel of that river, far
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faulting. Others have occurred on land. E.xtensive and progressive subsidences due to

continental movements on a vast scale are not here considered, nor are those due to vol-

canic action.

In the year 1811 the so-called New Madrid Earthquakes occurred in the valley of

the Mississippi River, extending from New Madrid to the mouth of the Ohio River, north,

and to the St. Francis River, south. Subsidences formed lakes 20 miles in extent. The

late Dr. E. M. Shepard, one-time professor of geology at Drury College, Missouri, made a

study of this region and he came to the conclusion that a long series of shocks had so

disturbed quicksands that lay beneath the general surface of these areas that, under pres-

sure, it flowed out and produced the subsidences.

A few miles west of the low banks of the Apalachicola River in Florida, are the

"Sunken Lakes", a chain of them 40 miles in length, which the writer once traversed in

a canoe. It is an extremely wierd area,—black water lapping halfway up forests of dead

cypress trees, with gnarled, gray-white, barkless limbs, all seeming to belong to a scene in

Dante's Inferno. Here, too, the subsidence was, apparently, due to the escape of under-

lying quicksands.

A few years ago, on the coast below San Francisco, CaHf., a large part of a golf

course was abandoned because of subsidences. The course was laid out on an area of

sand mixed with scattered beds of clay. For a considerable distance back of the s?a front

sink holes and irregularly shaped subsidences occurred and multiplied. At one point on

the shore a solid stream of water emerged from the base of the sand-bluff, flowing on

top of a clay bed situated at about high tide level.

An examination of this area convinced the writer that fine rounded sand was escap-

ing with running waters, and that the removal of this sand from favorably located

pockets, varying in extent, was ample explanation of the subsidences. The story of in-

teresting details, and possible control methods, applicable here, is too long for discussion

in this article.

What has been described as a "very extensive subsidence" occurred on Pugct Sound,

near Takoma, in November, 1894. An account of it was published in an Ed torial in the

issue of the Railway Gazette, December 21, 1894.

One other case which should not be ignored was the areal subsidence of a d strict

many miles in diameter, in California, with a maximum drop of four feet, and a diminish-

ing one towards the periphery of the area. An explanation of this is that it was ciuscd

by .shrinkage of clay beds due to a lowered water tahle."^

Possible remedies for subsidences may be tabulated as follows:

Class A. Into cavities.

1. Frequent inspection of known underlying excavations, natural or artiluial; repaT,

or refilling; legal proceedings, when practicable, against threatening mining op-

erations.

2. Inspection necessary where tracks lie on beds of dry, rounded sand, with slope

nearby. Sand may escape through crevices, gopher holes, etc. (just as it runs

from upper to lower half of an hour glass) and leave dangerous cavities. Cemen-
tation may be necessary.

Class B. Sinking of fills.

1. Drainage of area where practicable.

2. Fill to a stable base, hastened often by blasting.

inland, to an extent of 17 feet. Simultaneously the fort of Sindrce subsided, and the ocean flowed in

through the eastern mouth of the Indus, and converted a tract of land 2,000 square miles in area into

an inland sea (Lyell. \'ol. II. pajjes 99-100).
•'*'' See Rappleye, Howard S., R.ienl Areal Subsidence Found in Kcle\ clina. < ( ciilerini: .imnnd .S:ui

Jose, California), Engineering News-Record, June 29, 193.^, page 845: and subsequent correspondence on

the subject by Tibbets, Fred H., Engineering News-Record, August 17, 1933, page 204.
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3. Mattressing, in cases of great mud depth.

4. Prevention of damage to pre-existing structures through side-thrust of out-

squeezed, underlying material, which may extend 200 feet or more on either side,

may be accomplished:
a. By rows of piling, as a shield, if material is not too fluid.

b. By starting fill at structure and working away from it, at least to a safe

distance.

Class C. Areal.

None.

ROCK-FALLS

These have been defined as "precipitated loosened rock groups, or individual boulders,

initially from faces of cuts, or from nearby or remote cliffs and rock outcrops." They
are distinguished from landslides by being distinctly extreme surface-phenomena; solid

rock; usually very small in volume and limited to one or very few units.

Types:

1. "Dribble" of fine material.

2. Persistent fall of coarse material (often combined with fine), leading, in Nature,
to talus accumulations.

3. Falls of loosened rock from jointed or blast-shattered faces of cuts.

4. Occasional fall of single boulders, or a group of them, often of huge size, and
sometimes from great height (and long horizontal distance), loosened from rock
outcrops or cliff faces by undermining as a result of weathering, rain and seepage
wash, and by frost-heaving in joint planes.

Discussion of this subject might well be omitted altogether, at the close of this long

paper, were it not important to impress very strongly upon the minds of engineers the

facts that boulder-falls are not infrequent; that they occasionally do great damage and
cause disastrous train wrecks; and that most of them are preventable! (See Fig. 24).

In a suburb of Pittsburgh, Pa., a few years ago, I saw a truck crushed by a bou'.dsr

that fell from the face of a cut, on one side of the street. Again, in Pennsylvania in a

railway cut (very wide) I saw a rock-fall that reached the berm of a track. A week

later one fell upon the track and derailed a locomotive. This cut had been thought to

be unnecessarily wide by a Valuation Engineer (LC.C). I recall that a train was de-

railed in Colorado by a fallen boulder, and another in Ohio.

I was once on an auto trip in West Virginia, for the purpose of examining landslides.

An Engineer followed, a few hundred feet behind, in another car. A small boulder fell

from a face high above us, plunged through the top of his car, struck his head a glancing

blow and fractured his skull.

I once saved the lives of two men, and nearly lost my own, by a boulder fall. I had

aural warning—a slight grinding noise in the rockface above us.

On October 10, 1925, at night, a large boulder fell against and kinked a rail near

Blalock, Oregon, derailed a passenger train, and killed one person and injured twenty-fcur.

On October 16, 1925, a derailment of a freight train occurred near Danlboone Yard,

Va. It was caused by the fall, against a rail, of a boulder weighing about 2000 pounds.

Near Rhinecliff, N. Y., on May 10th, 1931, a train was wrecked, killing one, and

injuring four. The cause was the fall of a 62-ton boulder.

In Ohio, two enormous boulders have fallen upon highways, along the Ohio River.

They fell from the bluffs and did serious damage to concrete pavements. In West Vir-

ginia a boulder fell upon a concrete road pavement, broke it, and threw it out of line

for a distance of two hundred feet.
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Fig. 24.—a one-piece Rock Fall may kink a rail, dislocate a track, or lodpe upon it.

Above, a boulder that di.slocated a track. Below—a consequence.
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In New York State, during 1934, three people were killed by a rock-fall, on the Storm
King Highway.

On February 17, 1932, about 60 tons of rock fell from the face of a rock bluff upon

the tracks near Brushy, Oklahoma. In the early morning of a dark and rainy day a

passenger train ran into this rock mass (rising 6 ft. above the track). In the resulting

wreck one person was killed and fifteen injured.

Without details it may be mentioned that other boulders wrecked trains as follows:

—

Near Blairsville, Pa. in 1933; near Hardy, Va. in 1934; near Milan, Wash, in 1934;

and near Eddy, Mont, in 1934.

Fig. 25.—Rocks like these (upper left) high above a railroad track, would scream
at anybody. See te.xt, below.

On Sunday, April 8, 1934, Associated Press dispatches announced that "Fifty die as

cliff falls in fjord, on west coast of Norway." These and others were drowned by great

waves resulting from the fall of the rock-mass into the sea, in a narrow fjord. Precipitous

slope, and "joint planes" led to this gigantic rock-fall.

Railroad Engineers need not be concerned, at present, by the occasional great rock

failures on the lip of Niagara Falls.

Prevention of railroad accidents such as have been enumerated above lies in surveys

of all dangerous ground in which boulders may become unsupported, or from which they

may become detached; in recognition of such rocks or rock masses; and in safe disposal

of them. Such work cannot be left to sectionmen or untrained workers. But who, now,

among railroad men, is properly trained for such responsibility? I have often had this

thought, on trips of inspection connected with landslide problems, when accompanied by

competent Engineers. As we climbed bluffs and roamed hill and mountain slopes they

have blindly passed boulders, without notice or comment, which have fairly screamed at

me—"I'm ready to leap. Watch out!" (See Fig. 25).

It is proof, again, that a little practical knowledge of field-geology can be of great

service to the Engineer.
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dent John E. Armstrong, 44

Impact on steel railway bridges, 690, 773,

994

Interstate Commerce Commission, classi-

fication of accounts, chan.t^es or re-

A'isions in, 435

Iron and Steel Structures, report, 631

—bearing valua of rollers, by Prof. W. M.
Wilson, 691

—change in grade of structural steel, by
A. W. Carpenter, 709

—comments on column formula, by F. E.

Turneaure. 713

—elastic stability of plates subject to

compression and shear, by Otis E.

Hovey, 11^

—impact—railway bridges, 690

in steel railway, by J. B. Hunley, 773,

994

—live loads and unit stresses for bridges,

by Shoitridse Hardesty, 770

—live loads for multiple track bridges, by
H. C. Tammen, 734

—method of strengthening existing struc-

tures, 685

—net section of riveted tension members,
by C. H. Chapin, 775

—revision of Manual, 63 2

specifications for steel railway
bridges, 633

—shears on column lacing, by Shortridge
Hardesty, 724

—tests of steel columns and formulas for

design. 685

Joint bars, design of. for 131-lb. R E
rail, 550, 958

Joint facility records, 398

K
Kittredge, George W., Past-President, re-

marks of, 35, 39

Landslides, subsidences and rock-falls, by

Dr. G. E. Ladd, 1091

Live loads and unit stresses, 734, 770

Location and hiyout of freight terminals

as a result of developments in hand-

ling freight by motor trucks, 92

M
Maintenance of Way Work Equipment,

report. 267

—developments in design of railway mo-
tor car.s, 268

—information foi- welders, 284

—precision instruments for measuring
rail end batter, 296

—standardization of parts and accessor-

ies for railway maintenance motor
cars, 268

—track welding equipment—oxy-acety-

lene, electric arc, 278

—use and adaptability of track type trac-

tors in maintenance of way work, 273

—use of ballast discei-s, 276

Malaria control, methods of, 138, 932

Maps and profiles, specifications, 384

Masonry, report, 839

—design of expansion joints involving ma-
sonry structures, 872

—methods and practices of lining and re-

linmg tunnels. 863

—progress in the science and art of con-

crete manufacture, 858

placing concrete by pumping, 858

progress in revision of specifications

for cement, 859

specificati)ns for curinu: concrete, 860

—revision of Manual, 840

definitions, 840

design loads for railway masonry
structures, 843

openings in Hat slab construction, 843

specifications for driving pre-moulded

concrete piles, 842

specifications for making pre-moulded
concrete piles, 841

—specifications for foundations, 861

—specifications for pneumatically pro-

jected concrete or mortar, 870

additional requirements for shotcrete

protection of structural steel, 871

specification for shotcrete, 870

—study of s.oeciflcations for overhead
highway bridges, 875

Membership

:

—amendment to Constitution regarding,

18

—deceased members, 22

—geograpiiical distribution, 24
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Membership—Continued

—railways represented, mileage and mem-
bers, 25

—status as of March 1, 1934, 17
Motor cars, standardization of parts and

accessories, 268
—developinents in design of railway, 268
Motor truck scales. 73

N
National Railway Appliances Association,

tribute "to Secretary E. H. Fritch, 40

Oak lies, pioper seasoning, 173
Officers, election of, 46

—installation of, 46

Organization charts maintenance of way
department, 184, 1060

Paint shops

:

—car. 111

—freight, 111
—passenger, 112

Pelley, J. J., President, AAR, communi-
Ciition from, 31

Piles:

—specifications for driving pre-moulded
concrete, 842

making pre-moulded concrete, 841

Piling used for marine construction, 487

Pipe lines cari-ying high pressure inrlaui-

mable oils and gas, agreement form,
129

Public improvements—costs, benefits and
economic justification, 238, 1045

R
Kail, J-eport, 519
-—AAR detector car, 544

—details of mill practice, 526

—economic value of different sizes of

rail, 545, 961

—fissures in, progress report on joint in-

vestigation, by H. F. Moore, 1065
—joint-bar for RE rail sections, 550

design of joint bar for 131-lb. RE
rail, 551

—outline method for conducting service

tests of the various types of joint

bars, 552

—progress report of joint investigation of

fissures in rails, 1065-1091

—rail failure statistics for 1933, 527

—rail lengths in excess of 3 9 feet, 549

Rail report—Continued

—revision of Manual, 520

revision of Rail i-ecord forms, 520
• revision of specifications for quenched

carbon steel and alloy steel tracli

bolts, 522
-—transverse fissures statistics, 535

Rail and water terminals, coordination of

facilities at, 68

Reclamation plants, general, 108, 925

Records and Accounts, report, 383
—bibliography on subjects pertaining to,

389

—changes or revisions in ICC classifica-

tion of accounts, 435
—joint facility recoi'ds 3 98

—methods and foi'ms for gathering data
for keeping up to date the property
records of railways with respect to

valuation, accounting, depreciation
and other requireinents, 407, 435

—office and drafting room practices, 390

—specifications for preparation of maps
and profiles, 384

-—system of reports and records required
to budget and control maintenance of

way expenses, 400

Roadway, report, 303

—braring powei' and other physical prop-
erties of soils, 313

—construction machinery, 30 4

—definitions, 30 4

—drainage, 304

—extent of adherence to specifications

for cast iron culvert pipe, 316
corrugated metal culvert pipes, 328

—general contract requirements. 304
—grading, 304
—jacking culvert pipe through fills, 329
—landslides, subsidences and rock-falls,

305

—methods of protection against drifting

sand, 33 4

—service life of culverts, 318
of railway fence wire, 306
signs, fences and crossings, 305
specifications for the construction of

bituminous crossings, 305
• tunnels, 304

—widening roadbed under traffic, 309

Rollers, bearing values of, 691
Rules and Organization, report. 181
—duties of section foremen. 181
—organization charts, 184
—protection of treated ties and timber in

the field, 191

—rules for fire protection, 194

for maintenance of telephone and
telegraph lines and appurtenances,
188
of terminal structures other thfen

buildings, 191
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Sanitation, railway, 146

Scales used in railway sciviop, motor
truck, 72, 921

Seci-etaiy's report, 17

Shops and Locomotive Terminals, roijort,

103

—car paint shops. Ill
-—engine house design, 103

—freight car paint shops. 111
—general reclamation plants, 108
—passenger car paint shops, 112

Shotcrete, specifications, 870

Signal Section, AAR, resolution regaiding
Secretary E. H. Fritch, 40

Signal.s and Interlocking, report, 197
—developments in railway signaling, 197
—principal current activities of the Sig-

nal Section, by synopsis, supplemented
with list and refeieni-es by numbei- of

adopted specifications, designs ami
principles of signaling practice. 201

Specifications

:

—asphalt rag felt and asphalt (smooth
surface) over homogeneous roofs cast
in place, 59 5

over wood oi- precast units. 594
genuine wrous^ht iron chimneys

—

welded. 584

reinforced bi'ick masonry chimneys,
584

—creosote analysis, 4 57

—curing concrete, 860

—driving pre-moulded conciete piles, 842
—foundations, 861

—lining railway tunnels with conciete,

863

—making pre-moulded concrete piles, 841
—manufacture and installation of motor

truck, built-in, self-contained and
portable scales for railway service, 73

—maps and profiles, 384
—plans and speoiflc-ations for track tools,

567
—pneumatically projected concrete oi-

mortar. 870
—pre-adzing and pre-boring of cros.s-ties,

178
—quenched caibon steel and alloy steel

track bolts, revi.sion of, 522

—railway fence wire, amendment to, 306

—reinforced concrete arches for railroad

loading, 84 6

—river bank protection in common use,

219

—shotcrete, 870

Standardization, report, 439

—American Standards Association, 4 46

—Catiadian Engineering .Standards As-
sociation, 44 8

—changes in ASA .sectional conmiittees,

451

Standardization report—Continued

—contact with standardization bodies,

442

—four-section and two-section track

scales, 441

—specifications foi- creosote and ci-eosote

coal-tar solution. 441

—standards approved by ASA, 450

—status of AAR recommended standards

for railroad highway grade crossing

protection, 446

—use of AREA recommended practice, 439

—wire and .sheet metal gages, 4 11

"A Steamship Outlook", address of Wil-

liam Baird, 49

Stresses in Railroad Track, report, 243

Structural steel, change in grade, 709

—timber, grading of, 1010

Substitute ties, 166

Surveys and maps, cooperatii>!i widi Feil-

eral board, 19

Teller's i-epoi't 4 5

Termites, destruction by and possible

ways of prevention, 511

Tie plates, 570

—letter-ballot on, 19

Ties, report, 165

—economics of the use of lies longer than

8 feet, 173

—extent of adherence to standard specifi-

cations, 165

—proper seasoning of oak ties, with spe-

cial reference to those grown in

Southern lowlands, 173

—specifications for pre-adzing and pre-

boring of cross-ties, 178

—substitute ties, 166

—tie renewal averages and costs per

maintained mile, 173

'I'rack inspection bureau, jiroposed Fed-

eral legislation, 19

Trackpans. design and maintenance, 140,

932

Track, report, 555

—design and specifications for anti-

creepers for RE rail sections, 576

tie plates for RE rail .sections, 570

—determination of the limiting relative

positions of the abutting rails of

fixed and drawspans of bridges and
proper tolerances, 577

—elevation of curves, 911

—plans and specifications for track tools,

567
—plans for switches, frogs, croasingrs,

slip switches, etc., 569

—practicability of using reflex units for

switch lamps and targets, 576

—revision of Manual. 5."i6
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Track report—Continued

—revision of maintenance of surface, 911
—string lining- of curves by chord method

and tables suitable for use of track-
men, 561

Track type tractors, 273
Train length, methods of determining

most economical, 252, 946
Transverse fissure statistics, 535
Treasurer's report, 29

Treated water, value of, 137, 931
Tunnels, lining and relining, 836, 1024

u
Uniform General Contract Forms, report,

119
-—form of agreement with public author-

ities for highway grade crossing elim-
ination or- separation, 124
rail-air service. 131

store-door delivery, 131

use of railway property by pipe lines,

with special reference to pipe lines

carrying high pressure inflammable
oils and gas, 129

—form of conveyance of title granting the
right to construct and maintain build-
ings over railway property, 120

w
Waterproofing of Railway Structures, re-

port, 375
—definitions, 375

—discussion of bituminous emulsions, 378—principles governing the use of water-
proofing or dampproofing of railway
structures, 376

Water Service, Fire Frotection and Sani-
tation, report, 133

—bibliography on subjects pertaining to

fire protection, inspection and insur-

ance by recognized authorities. 154

—design and maintenance of trackpans
for locomotive water supply, 140

—disinfectants, fumigants and cleanin.g

materials, 147

—methods of malaria control, 138
—progress being made by Federal or

State authorities on regulations per-

taining to railway sanitation, 146
—revision of Manual, 134

plan showing details for lugs to be
used on standard round hoops ap-
plied to 50,000 and 100,000 gallon ca-

pacity standard wooden water tanks,
135
revision of Table 1—quantity of re-

agents, 134
zeolite water treatment, 136

—standard methods for the analyses of

chemicals used in water treatment,

145

AVater Service, Fire Protection and San-
itation—Continued

—review and index of reports in past
Proceedings and also subject-matter
in Manual pertaining to railway fire

protection, 156

—value of water treatment with respect

to estimating and summarizing pos-

sible savings effected, 137

Waterways and Harbors, report, 211

—average annual excess costs of con-

struction, maintenance and operation
of bridges over navigable waterways,
910

—Brown, Wilbur Gayle—A Memoir, 212

—cost to railways for consti-uction. inain-

tenance and operation of bridges over
navigable waterways, 240

—definitions of terms, 213

—economic principles involved in clear-

ances over navigable waterways, 23 8,

909

definition of terms pertaining to pub-
lic improvement projects, 238

—harbor structures, 236

—ore docks or piers on the Great Lakes
for loading vessels by gravity, 228

—revision of Manual, 212

allowance for swell in scow measure-
ments—dredge work, 212

specifications for levee construction,

213

—specifications for the construction of

the several types of river bank pro-

tection in common use, 219

—types of fender systems for protecting

wharves and suitable uses for each,

222

Wilson, C. A., historical remai-ks of, 34

Wooden Bridges and Trestles, report, 7S1

—deiiign of wooden trestles for heavy
loading, 834

—general grading specifications, 785

—improved design of timber structures to

give longer life with lower cost of

maintenance, 836

—overhead wooden or combination wood-
en and metal highway bridges, 823

dimensions of first-class piles for high-

way bridges, 82 3

experimental study of the load dis-

tribution to the stringers of a full-

sized laminated floor panel, 824

recommended practice for overhead
timber highway bridge for H-15 load-

ing, 824

—simplification of grading rules and clas-

sification of timber for railway uses,

782

—structural joist, plank, and other fram-
ing members, 788
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"Wood Preservation, report, 453

—destruction by termites and possible

ways of prevention, 511

—incising of all forest products niatorials.

516

—investigations being made for the de-

termination of toxicity value of creo-

sote and creosote mixtures, 516

—piling used for marine construction, 487

—revision of Manual, 453

measuring?, sampling and analyzins
preservatives, 454

specifications for creosote analysis,

457

—service life of beech ties impregnated

with creosote, by Dr. Hermann von
Schrenk, 485

—service test records for treated ties, 474

Yards and Terminals, report, 65

—bibliography on subjects pertaining to

yards and terminals appearinj? in

current periodicals, 92

—coordination of facilities at rail and
water terminals, 68

—definitions, 66

—grain elevator storage yards and plant

tracks. 66

—now problems involved in connection

with location and layout of freight

terminals as a result of developments
in handling freight by motor trucks,

92

—scales used in railway service, 72

—specifications for the manufacture and
installation of motor truck, built-in,

self-contained and portable scales for

railway service, 73











'.^4V^RE»£^L. .An^U'V^. J^^wSbA^^ IhbK^J



n" Isti'




